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ADMINISTRATION LIST. 


Director. 


Mr. C. L. Grigspacu held the office of Director until the 24th February 1902; 


(o>) 


when he retired and was succeeded by Mr. T. H. Hotuann. 


Superintendents, 
. Mr. R. D. OtpuHam, A.R.S.M., F.G.S. 
Me. T. D. LaToucug, B.A., F.G.S., on privilege leave for 28 days from 8th 


September to 5th October 1902. 
Mr. C. S. Mipptemiss, B.A., F.G.S. 


Deputy Superintendents, 


. Mr. P. N. Bosg, B.Sc. (Lond.), F.G.S. 
. Mr. T. H. Hovuayp, A.R.C.S., F.G.S., returned from combined privilege leave 


and furlough on the 2gth January 1903. Appointed Director from 
25th February 1903. 


. Mr. P. N. Datta, B.Sc. (Lond.), F.G.S. 
. Mr. F. H. Smiru, A.R.C.S., F.G.S. 


Assistant Superintendents. 


. Mr. H. H. Haypen, B.A., B.E., F.G.S., promoted to Deputy Superintendent 


with effect from the 25th February 1903, and vacated office of 
Curator from the 6th March 19¢3. 


. Mr. KE. VREDENBURG, B.L., B.Sc, (Paris), A.R.C.S., appointed Curator of the 


Geological Museum with effect from the 7th March 1903. 
Mr. L. L. Fermor, A.R.S.M., F.G.S., joined in India 29th October 1902. 


4. Mr. G, E. Piterim, B.Sc. (Lond.), joined in India 29th October 1go2. 


Palwontologist. 


. Dr. F. Noetiine, Pu.D. (Berlin), F.G.S. 


HMiining Sypectalists. 


. Mr. R. R. Simpson, B.Sc., Officiating Inspector of Mines up to 18th Decem- 


ber 1902, reverted to his appointment as Coal Specialist on the 
2zoth December r1g02. 


. Mr. J. M. Macrarey, B.Sc.,, F.G.S., joined in India 29th October 1902. 
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. e , Sub-Assistants, 
1. Hira Lat, on privilege leave for 34 days from 1st September 1902. 
2. KisHen SinGu, F.G.S., on ‘sick leave from 27th January 1902. 


Artist, — 


1. Mr. H. B. W. Garrick, on privilege leave for 1 month and 4 days i 
Se plemucr 1902. i 


Assistant Curator, : 
1. Mr. T. R. BLYTH. : } 


| Registrar. — | oe 
r. Mr. A. E, MacA, Aupstey, on sick leave for 9 months from 7th 
1902, 


GENERAL REPORT? 


ON THE WORK CARRIED ON BY THE 


GEOLOGICAL SURVEY OF INDIA 


FOR THE YEAR 


1902-1903. 


PART I—HEAD-QUARTER NOTES. 
1.—Retirement of Mr. C. L. Griesbach. 


1. Although this report is written and signed by his successor, 
eleven-twelfths of the work it reviews was carried out, and the whole 
of it organized, under the direction of Mr. C. L. Griesbach, C.I.E., whose 
term of office expired on the 24th February, when he retired under the 
55 years’ rule. 

Mr. Griesbach, in the interests of the work of the Department, has 
deprived me of the convenient instrument which he himself possessed 
in the Records for reviewing his predecessor’s services, when he took 
over charge of the Department from the late Dr. King in 1894. But 
whilst attempting to make this report a faithful expression of his last 
year’s work in India, and the final contribution to his record of official 
activity for over 24 years, I would like to take the opportunity of ex- 
pressing the hope that in his retirement from the service, but not from 
geological work, he will receive further signs of the appreciation with 
which scientific societies in Europe have already marked the work 
done during his official career in India. 
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2.—Appointments. 


2. The gaps in the officers’ list caused by the loss of Drs. Walker 
and von Krafft and Mr. Stonier, referred to in the last General Report 
(p. 2), have been repaired by the appointment of Messrs. L. L. Fermor, 
G. E. Pilgrim, and J. M. Maclaren, who arrived in India on the 29th 
October. 


3.—Director’s Tours. 


3. During the year under report, Mr. Griesbach made the following 
tours :-— 

In May he visited Shillong to- inspect the work carried on by 
Mr. Bose during the previous field season, During September he 
visited Kashmir and inspected the localities in which Dr. Noetling 
had found Gondwana plants associated with permian marine strata 
(tnfra, p. 22). ) 

Mr. Holland made a tour through the coalfields of Raniganj, Jherria, 
and Giridih during February. 


4,—Museum and Laboratory. 


4. Mr. H. H. Hayden was in charge as Curator throughout the 
year, and, in spite of the want of a subordinate staff for work in the 
galleries, appears to have made satisfactory progress in labelling the 
collection which has been displayed in the show-cases.. The collection 
of fossils, arranged in zoological order in the wall-cases of the palzon- 
tological galleries, were cleaned and re-labelled throughout, and a 
further portion of the Indian rocks in the lower gallery provided with 
printed labels. 

5. The collection of minerals has been largely augmented by the 
addition of examples of a number of new and rare species obtained by 
purchase. As a reference collection the minerals now displayed are 
worthy of the creditable position which the Indian Museum now 
admittedly takes amongst the metropolitan museums of the world. 
The meteorite collection has been enriched by the addition of eight 
falls not previously represented, bringing the total number of meteorite 
falls up to 380. 
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The way in which the Museum is intelligently valued by the public 
is shown by the complete exhaustion of every edition of the guides 
which have been prepared by officers of the Geological Survey. 

6. Much of the time of the Curator and his Assistant was taken up 
with the routine determinative and analytical work on specimens sent 
by other departments and the officers in the field: in this and in the 
work of the Museum the Curator reports that he has received from the 
Assistant Curator the same efficient assistance which has characterised 
every year of Mr. T. R. Blyth’s service. 

7. The following donations have been received during the year :— 


A specimen of galena, from Erki, 20 miles from Simla. 
Presented by Capt. Bernard Scott, I.A. 

A specimen of asbestos, from near Sejavada, Alirajpur State, Bhopawar 
Agency, Panch Mahals. 

Presented by Balkrishna C. Joshi, Godhra. 

Specimens of the Barratta and Gilgoin station aerolites, found in 1845 and 
1889, weights 506 grams and 189 grams; and of the Tucson (Arispe) siderite, 
found in 1850, weight 287 grams. 

Presented by Frof. H. A. Ward, Chicago. 
A specimen of the Mount Joy siderite, found in 1887, weight 1,240 grams. 
Presented by the K. K. Naturhistorisches Hof-Museum, Vienna. 

Numerous specimens of bi-pyramidal quartz crystals, from limestone quarries 
at Katni, Jabalpur district. 

Presented by H. F. Cook and Sons, Katni, E. I. Railway. 

A specimen of the Bjurbéle aerolite, which fell 12th March 1899, weight 
27 grams, 

Presented by the K. K. Naturhistorisches Hof-Museum, Vienna. 

A large specimen of copper pyrites from the Rajdoha Mining Company’s 
“Gladstone ” shaft, 233-foot level, Rakka, Chota Nagpur. 

Presented by Gillanders Arbuthnot & Co., Calcutta. 


5.—Palzontological Work. 


(2) DESCRIPTIVE WORK IN INDIA, 


8. The progress in descriptive paleontology at head-quarters has 
been interrupted by the absence of the Palzontologist in the Simla 
district and Kashmir from April to October and in the Salt Range of 
the Punjab from November to March. 

g. During the last recess, however, Mr. E. Vredenburg undertook 
the preparation of a catalogue of the Tertiary Poramintfera from 
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Sind and Baluchistan, paying special attention to the Nummulites, 
which are, on account of the way these peculiar forms became spread 
all over the great central ocean, stretching from Europe to South Asia 
in early Tertiary times, of unusual assistance in correlating the Lower 
Tertiaries of Sind and Baluchistan with those of the standard scale 
of Europe. Taking eight of the more important species which are 
common to Europe and India, we have the following correlation scale 
for the Nummulitic formations in the Sind-Baluchistan area :— 


Correlation of Nummulite-bearing beds of Western India. 


Sind and Baluchistan, European Stages. 
Lower Nari with N. intermedia . F : : . | Priabonian. 
Unconformity : ° : : : . | Bartonian. 


Uprer KuirtTaar (with the Ghazij and Spintangi of 
Baluchistan) containing NV. perforata, N. (Assi- 
lina) granulosa, N. (Ass.) exponens. 


Lutetian. 
LoweER KuirtTHar with WN. biarviteznsis and N. (Assilina) 
placentula 4 ° : : ° 
Unconformity : : : ; : 
Urrer RanikoT— 
Aa with WV. planulata and N. (Assilina) cf. 
NIL . e . . . . ° 
Ypresian 


Zone 3 with N. (Assilina}cf. ntli . : A and 
Sparnacian. 
Zone 2 
; without Nummulites . : . 
Zone I 
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(6) DESCRIPTIVE WorRK IN EUROPE. 


10. Of the paleontological work done in Europe the only results 
received during the year are embodied in an important memoir by 
Prof, Carl Diener, giving a description of the permian fossils collected 
in the Central Himalayas by Messrs. LaTouche, Smith, Hayden, 
Walker, and von Krafft during 1898—1900. The memoir, amounting 
to 214 pages of the Palzontologia Indica, is now in the press. The 
additional details made available by this exhaustive work tend to 
accentuate the distinction in facies between the normal permian rocks 
of the Central Himalayas and the permian blocks which have been 
brought from some unknown region, and left as isolated crags on the 
younger strata. The permian fossils in these exotic blocks show 
greater affinities with the Salt Range permian than with the strata of 
the same age in the Central Himalayas. 


6.—Publications and Library. 
11. The following publications were issued during the year :— 


General Report on the work carried on by the Geological 
Survey of India, from the 1st April 1g01 to the 31st 
March 1902. 

Memoirs, Volume XXXII, Part 3. Notes on the “Exotic 
Blocks” of Malla Johar in the Bhot Mahals of Kumaon, by 
A. von Krafft. 

Memoirs, Volume XXXII], Part 2, Title-page, contents, etc. 

Memoirs, Volume XXXII]I, Part 3. The Geology of Kalahandi 
State, Central Provinces, by T. L. Walker. 

Memoirs, Volume XXXIV, Part 2. The Mica Deposits of 
India, by Thomas H. Holland. 

Memoirs, Volume XXXV, Part 1. Geology of Western Raj- 
putana, by Tom D. LaTouche. 

Palzontologia Indica, Series XVI, Volume I. Title-page, 
contents, etc. 

Palexontologia Indica, New Series, Volume II, Article tr. 
Observations sur quelques plantes fossiles des Lower 
Gondwanas, par R, Zeiller. 

The additions to the Library during the year 1902-03 amounted to 
2,017 volumes, of which 1,184 were acquired by 


Library. 
wae -presentation and 833 by purchase. 
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7.—Disposition List. 


12. During the year ending the 31st March the officers of the 
Department were posted as follows :-— 


SUPERINTENDENTS. 


Mr. R.D.Oldham . .| At head-quarters till November 11th; 
posted to Upper Burma, Lower Chind- 
win and Pakoko districts. Returned 
to head-quarters February 3rd, and left 
for Jammu March a2ist, 


Mr. T. HW. D. LaTouche .| Returned to head-quarters from the 
Northern Shan States on the 20th May 
1902. On privilege leave from 8th 
September to 5th October 1902. De- 
puted to examine the Ladda coal-field, 
and returned to head-quarters on the 
8th November 1902. Posted to Burma 
from the 11th November 1902, and 
returned to head-quarters on the 2oth 
March 1903. 


Mr. C. S. Middlemiss »| Returned to head-quarters from the Viza- 
gapatam hill tracts on the 1oth May 
1902. Posted to the same area from 
the 1st November 1902 to date. 


DEPUTY SUPERINTENDENTS. 


Mr. P. N. Bose ; .| Returned to head-quarters from Assam 
on the 11th June 1902; and left Calcutta 
for the field on the 22nd October 1902 
to continue his survey of the Jaintia 
hills of Assam. 


Returned from the Northern Shan States 
on the 26th May 1902. Posted .to the 
same area, and left for the field on the 
4th November 1902. 


Mr. Pp. N. Datta ie 


Mrot. EL eonmtn fei. .| Returned to head-quarters from Chota 
Nagpur on the 3rd May 1902. Posted 
to the same area on the 5th November 
1902. 


Mr. H. H. Hayden . _ .! At head-quarters throughout the year. 
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ASSISTANT SUPERINTENDENTS. 


Mr. E. Vredenburg ‘s Returned from Baluchistan on the roth 
June 1902. Left on 3rd November to 


make a survey of the Dhar State. 


Joined the Department 29th October 
1902. Deputed to accompany Mr. 
Vredenburg on the 3rd November 1902. 


Mr. L. L. Fermor . 


Mr. G, E, Pilgrim . . | Joined the Department 29th October 1902. 
Deputed to accompany Mr. LaTouche 
on the 11th November 1902. 


PALAONTOLOGIST. 
Dr. F. Noetling : ic; 


Deputed to the Dargoti State, north- 

east of Simla, on the 22nd April 1902. 
| On completion of this special examina- 
| tion, was posted to Kashmir. Returned 
to head-quarters on the 23rd October 
| 1902, and left on the 3rd November 
to. accompany Professor E. Koken 
| during his visit to the Salt Range and 
| Siwaliks, and returned to head-quarters 
/ on the 5th March 1903. 


SPECIALISTS. 


Mr. R. R. Simpson . .| Deputed to examine the coal of the 
Trans-Indus range, Mianwali district, 
also to the Jammu territory, and left on 
the 14th January 1903. 


Mr. J. M. Maclaren , .| Joined the Department 29th October 
1902. Posted to Chota Nagpur and 
left Calcutta for the field on the 7th 
November 1902. 


SuBeASSISTANT. 


biti al : : .| During the field season 1902-03. was 
attached to Mr. Smith’s party in the 
Chota Nagpur division. 


ASSISTANT CURATOR. 
Mra. Ro Blyth : .| Was on duty at head-quarters through- 


| out the year, 
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ParRT II,—FIELD-WORK. 
A.—ECONOMIC ENQUIRIES. 


1.—Coal. 


13. Towards the close of the season 1901-1902, and after the sub- 


nee mission of the report covering the work up to the 


SHILLONG 31st March, Mr. Bose discovered some rolled 
PLATEAU : 3 : 
UAW Bass’ fragments of coal in a stream about 4 miles — 


west of Barapani, near Shillong. On resuming 
field work this season, he followed up this discovery, and successfully 
traced the origin of the coal to some outcrops situated close to the 
head-waters of a stream known as the Um Rileng at the foot of 
Dinghie hill, about 2 miles west of the Shillong-Gauhati cart-road. 
The outcrops are much concealed by jungle and superficial deposits, 
but a systematic search and prospecting operations laid bare a fairly 
good section, in which several horizons of good coal were found, the 
most important seams of which are two'of 4 feet and 6 feet 6 inches 
thickness, respectively. 

14. Assays of two samples made in the Laboratory showed the coal 
to be.of good quality, and its position—within 11 miles of Shillong and 
only 2 miles from the Shillong-Gauhati cart-road—warranted the insti- 
tution of a careful exploration of the field. ‘The work of testing the 
resources of the field was undertaken by the Public Works Department 
with the assistance of advice from Mr. Bose. Two pits, put down at sel- 
ected distances from the outcrop, in the hope of meeting the seams and 
thus proving the horizontal extension of the coal, reached, respectively, 
28 and 2: feet, when difficulties arose from the influx of water, and it 
was decided to continue the test by boring. Matters were at this in- 
conclusive stage at the close of the season, and an attempt will, I hope, be 
made to carry out the work more energetically during the present year. 

15. During January Mr. Simpson undertook the examination of the 

coal deposits in the Isakhel tahsil of Mianwali 
Mr1anwa Lt DISTRICT, Se ; ‘ 
. PunjaB: district, Punjab. Four groups of deposits were 

Mr. R. R. Simpson. —_ examined, which may be distinguished as— 

(1) Kalabagh area. 

(2) Kuch area. 

(3) Between Kuch and Sagruto summit. 
(4) Mulla Khel and Sultan Khel area. 
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16. The Kalabdgh coal deposits were found to be very variable in 
quality and thickness of workable seams, and the estimate of about 
50,000 tons of available fuel is based on the assumption that an average 
thickness of 4 feet would be maintained over the strike of 550 feet. 
At Kuch, about 6 miles further north and less favourably situated 
for transport to the Indus, a rough estimate was made of 11,000 tons 
of available coal for a seam averaging about 16 inches in thickness. 
The coal-seams opened by drives in the ground between Kuch and 
the Sagruto peak are not considered to be worth working. 

17. A more promising result was obtained in the fourth area exam- 
ined. From the outcrop seen in the Barochi gorge about 2 miles north 
of Mulla Khel, a seam, varying from 1 to 4 feet in thickness, was traced 
for about 6 miles to the south to a point west of Sultan Khel. Samples 
taken from this seam, and from the three other areas, are now being 
examined in the Laboratory, and when the assays are complete a 
report will be submitted on the probable value of, and best method of 
attacking, these deposits. 


2.—Chromite: 


18. In April 1902 Mr. Vredenburg proceeded from Sind to Balu- 
: chistan and examined the chrome-iron ore deposits 
GAL Ue His TAN: in the Pishin and Zhob districts. The chromite 
Myr, BE. Vredenburg. : ; 

occurs as veins and irregular, segregated masses 
in the serpentines that accompany the great basic intrusions of upper 
cretaceous age, which form particularly conspicuous masses amongst 
the hills bordering the Upper Zhob valley, both to the north and south. 
To the westward these serpentines continue into the upper valley of the 
Pishin river, which forms the geographical and geological continuation 
of the Upper Zhob, while to the east and north-east a few observations 
made at different times by various geologists indicate their continuation 
at intervals along the Lower Zhob, and even as far as the Tochi valley. 
19. One of the most promising localities occurs about 2 miles 
east of Khdnozai in the Pishin district, where Mr, Vredenburg specially 
investigated a vein-like mass about 4oo feet long with an average 
breadth of 5 feet, The vein consists of almost pure ore of great rich- 
ness, An analysis made in the Laboratory of the Geological Survey 
gave over 54 per cent. of chromium sesquioxide, and some parts of the 
vein show even a higher percentage, The locality is connected by an 

excellent road with Khanai railway station, 17 miles distant. 
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3.—Fire-clay. 


20. The fire-clay previously noticed by Mr. Bose near Jowai was, 
at the request of the Honourable the Chief Com- 
‘missioner of Assam, re-examined and sampled 
for testing. The tests, kindly made by Messrs. 
Burn & Co., show that the material forms excellent fire-bricks capable 
of standing a great heat. Its occurrence in large quantity in the vici- 
nity of good.coal makes it available for the manufacture of bricks, 
against which there appears to be only the cost of transport to a 
market. 


ASSAM : 
Myr. P. N. Bose. 


4.—Gold. 

21. On account of the numerous statements which have been 
Z made in the past about finds of gold, and of the 
HOTA NAGPUR: : 
Mr. F. EH, Smith. occurrence of ancient gold-workings in Chota 
Mr. UR A oe Nagpur, a survey of the most prominent parts of 
the division was instituted in the season 1go1- 
1902 by Mr. Smith and Hira Lal, and was continued during the past 
season with the addition of Mr. J. Malcolm Maclaren to the party. 
The details of these investigations will be published in a special 

memoir now being prepared by Mr. Maclaren. 

22. The area examined covers parts of the districts of Manbhim 
and Singhbhim, with the tributary states of Gangpur, Bonai, Udeptr, 
and Jashptr. The distribution of the geological formations, as 
corrected up to date, is shown in the accompanying map (fig. 1). The 
large area marked as Dharwarian consists of a group of imperfectly 
foliated schists and phyllites, similar in general characters to the 
Dharwar series in South India, and, like them, much older than the 
oldest unfossiliferous rocks distinguished as the Cuddapahs. A pro- 
minent and important feature in the country is the great Dulma band of 
dioritic trap which runs from south of Dhadka, in Mdnbhim, into 
Western Singhbhim, has affected all the rocks in its neighbourhood, 
and appears to be responsible for the auriferous character of the 
quartz veins, as all the instances of gold found zm sztu, have been in 
close proximity to the Dulma trap, or to dykes of a similar petrological 
character. The most conspicuously auriferous horizon in the Dharwar 
series is a little south of the Dulma trap-band, just outside the zone of 
pronounced thermal metamorphism, and, judging by the distribution 
of alluvial gold at Patkum and in Mdnbhim, a similar auriferous 


If 
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horizon exists to the north of the trap. The well-known copper- 
bearing zone, shown on the map further south, was not subjected to 
special study, the work being confined to testing the resources of the 
country in gold. 

23. Gold being a metal of very. wide distribution and one which 
can be profitably worked in rocks carrying such small quantities, one 
is never safe in assuming from a few scattered observations that it 
certainly does not exist in payable quantities in anyarea of crystalline - 
recks. In the case of Chota Nagpur, without asserting that payable 
gold deposits do not posszbly exist, the results of the present enquiry 
have not included a single instance which could be reasonably regarded 
as a legitimate mining proposition. 

24. With regard to the quartz reefs, the deposits are thin and their 
mineral contents “patchy,” so much so, that 
instead of expressing the richness in ounces per 
ton, the ore bodies are so small that they might more appropriately 
be expressed as grains to the ounce of quartz. The full report will 
show that the operations conducted by the survey party did not 
extend to any depth. But the common fallacy that an auriferous 
vein necessarily improves with depth has not been allowed to divert 
the party from the policy of making superficial examination of many 
outcrops instead of deeply prospecting a few. 

25. In the course of the survey, two doubtful prospecting proposi- 
tions were discovered, that is, two areas where, on commercial 
principles, further search for auriferous veins may be regarded as a 
justifiable venture. These are (1) the range between Ankya and 
Manharpur, and (2) the line lying about 3 miles south of the Dulma 
trap, connecting Sausal and Sonapet. The first is mentioned on 
account of the rich, coarse, alluvial gold found in the immediate 
vicinity, . of the rich specimen of auriferous quartz picked up in the 
Ankua stream, and of the existence of large, well-defined quartz reefs 
in the neighbourhood. Along the second area nearly all of the gold 
hitherto found zm sz¢z in this division has been obtained. 

20. The recovery of gold from alluvial deposits offers no brighter 
prospects than that of mining the quartz-veins. 
Hydraulic mining, as practised in other countries, 
is out of the question, on account of lack of water and the poverty of 
gold content. At Sonapet conditions for the storage of water on a 
large scale, and under sufficient head, are extremely favourable ; but 
the result of trials indicated the average gold content to be less than 
1} grains per cubic yard; and, considering the large capital outlay 


Auriferous reefs. 


Alluvial gold. 
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necessary, this amount is far too small to give any hope of profitable 
return, At Ankua, also, water could be obtained at no great cost, 
but the gold content here is only about 4 grain to the cubic yard—even 
lower than that of Sonapet. It has been suggested that the richer 
gravels, at least, could be shifted at a profit to suitably situated tail- 
races by coolie labour, but, though this may be possible for dry 
gravel, the handling of gravel full of water would hopelessly handicap 
the undertaking. 

27. The suggestion to undertake dredging operations has also 
been kept in view; but the conditions of the Chota Nagpur rivers 
introduce difficulties not usually encountered in successful dredging 
operations. Most of the rivers flow over the hard, upturned edges 
of schistose rocks, which, as in the Siibanrikha, form a succession of 
rocky bars across the stream, between which native workers wash 
for gold. Operations would necessarily be intermittent on account of 
the annual floods, and with each flood the layer of “ wash ” stripped 
would be covered with several feét of fresh débris. The layers of 
gravel, not more than 3 to 6 inches thick, in which the gold is stored, 
rarely contain more than a grain of gold to the cubic yard. 

28. There is one possible exception to this general condemnation. 
In the Brahmini river, near Durjing in Bonai, the alluvial flat would, 
if the gold content were sufficient, make an ideal “ pond-dredging”’ 
proposition ; but the tests made show a content of less than one 
grain to the cubic yard, which would be insufficient for profitable work. 

29. To what extent this general conclusion is justified by the 
observations made, the expert will be able to judge on publication of 
the details; but it should be understood that the operations which 
have been conducted have not exhausted the posszdzlities of the area. 
Gold is undoubtedly widely distributed —indeed, almost universal—in 
the country examined, and future explorations may possibly reveal an 
instance of local concentration in payable quantities. But the results 
so far obtained, of a fairly conducted exploration, are sufficient to 
show that, in the absence of such definite evidence, gold-prospecting 
in this area could not, except in the possible instances named, be 
honestly recommended as a reasonable venture. 

30. Whilst there are not wanting evidences of the persistent search 
for gold in Chota Nagpur during the past, there are no signs of exten- 
sive and deep ancient workings, such as are known in the auriferous 
tracts of South India. The general distribution of the metal evidently 
attracted numbers of native workers in the past, but there is no strik- 
ing instance to show that their efforts were maintained for long in any 
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one place, and this interpretation of their results is in agreement with 
the conclusions of the survey just made. 


5.—Iron and Manganese. 


31. Amongst the questions of economic importance taken up 
during the survey of the Dhar forest, the rich 


DHAR: j ; f 
Mr. E. Vredenburg. iron-ores which form fault-breccias received some 
spp De Ice attention. They follow lines of faulting, the 


richest hematitic deposits being’ found along the great fault which 
Dr. W. T. Blanford long ago recognised as separating the Vindhyan and 
Bijawar systems throughout the entire district from east to west. The 
main, and at present insuperable, difficulty in connection with the de- 
velopment of these ores on a large scale is the absence of mineral fuél. 
32. Manganese ores are widely distributed as a cementing material 
in the coarse conglomerate at the base of the Lameta series. These 
and some other minerals of possible value are now being analysed in the 
Laboratory, and will be reported in detail to the Dhar Durbar. 


6.—Lead. 


33. Dr. Noetling was deputed in April to the Dargoti State, north- 

east of Simla, to report on a lode of galena, re- 

bs ee a garded by the State officials as possibly valuable. 

- = His observations, supported by the assays made 

by the Curator, showed that the ore-body is neither rich enough nor 
large enough for successful exploitation. ee 


7.—Petroleum. 


34. During January Mr. Oldham examined the area covered by 
the newly delimitated blocks extending north- 
wards from the ground described by the late 
Mr. G. E. Grimes ! in the Pakoku district. The 
absence of topographical details on the maps prevented the preparation 
of a detailed geological map; but, by obtaining the positions of the 
boundary pillars, Mr. Oldham has succeeded in tracing the course of 
the anticline running northwards from the Yenangyat oil-field, 

35. Throughout most of its course Prome beds are exposed in the 
axis of the anticline. The first oil-sand is exposed in the Ngapok- 
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choung in block 48; the first four in block 57 and the first five in block 
67, after which, on going north, the axis of the anticline pitches rapidly 
to the north, and the exposure of Prome beds dies out completely in 
block 123. The structure is that of a productive oil-field, and it is 
possible that a remunerative supply of oil could be obtained; but the 
free exposure of the upper oil-sands must have led to the escape of 
large quantities, and the absence of cover, owing to exposure of the 
Prome beds, will prevent the development of pressure which gives rise 
to the flowing wells of Yenangyat. At the same time, although the 
known oil-sands may be less productive than at Yenangyat, lower beds 
are made more accessible for exploration by the rise of the anticlinal 
‘axis, and the possibility of the occurrence of lower oil-sands may thus be 
tested by boring. 


8,—Water. 


36. During May Mr. Vredenburg was engaged in examining certain 
localities in the neighbourhood of Quetta to 
We yes pas ascertain the possibility of obtaining a supply of 
artesian water, and points were selected where 

boring tésts will be undertaken by the Local Government. 

37- During the survey of the Dhar forest attention was given to 
the question of water-supply, as the Nimanpur 
pargana is unfavourably situated in this respect. 
Nearly the whole of the pargana is in the condi- 
tion of a terrace situated at an altitude intermediate between that of 
the deep Narbada valley to the south and the much loftier Malwa 
plateau to the north. The flatness of this terrace is remarkable, and 
is explained by its representing an ancient cretaceous pereplain of hard 
Bijawar and Vindhyan rocks, cnce more brought to light owing to the 
denudation of the easily-weathered, overlying Lameta rocks. From the 
foot of the Malwa scarp to the edge of the cliffs that overlook the 
Narbada, the level of this land remains almost everywhere the same, 
generally a little under goo feet. Water-courses are scarce, and 
develope into gorges which gradually become deeper as they approach 
the Narbada. In many cases the stream-beds get lost in ‘‘swallow- 
holes,” and the whole plateau is thus drained so effectively, that it is 
very difficult to obtain any water during the driest part of the year, 
notwithstanding the fairly abundant rainfall. This circumstance, to- 
gether with the natural aridity of much of the Bijawar and Vindhyan 
outcrops, accounts for the region having never been occupied by a 
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strictly agricultural population, and since the abandonment of the iron 
‘Mines, consequent on the importation of cheaper foreign metal, the 
district has been practically deserted. The physical conditions are the 
very opposite of those required for artesian wells. Nearly all the 
shallow wells fed by the surface water become dry during a part of the 
year, while the sinking of deep wells is too costly and too uncertain to 
be recommended. Hence in those parts of the plateau where patches 
of cultivable land exist (usually in connection with Lameta outliers), 
all efforts should be restricted to surface works, such as the construc- 
tion of dams, and perhaps of small canals. 

38. These remarks do not apply to the strip of land in the northern 
part of the pargana, along the foot of the Malwa scarp, where water 
usually exists at a small depth, and where the weathering of the basalt 
produces “black soil” of Breet richness. 


B.—GEOLOGICAL SURVEYS. — 


1.—Assam. 


39. Mr. Bose continued his survey of the Khasia and Jaintia hills in 

Kischean Sete Assam, extending the work on the one-inch scale 

+. THILLS3. ~~) over parts of Sheets 29, 30, 42, 43, and 44, and 

GPS oe thus reducing by another 500 square miles the 
ground left unsurveyed. — 

40. The accepted relationships of the formations mentioned in the 
two previous General Reports (1900-1go1, p. 20, and 1go1-1902, p. 25) 
have not been modified by this work. But a small coal-bearing forma- 
tion, near the head-waters of the Um Rileng, 11 miles north of Shillong, 
discovered since the submission of the last Report, and at first announced, 
on account of the peculiar character of its coal, as cretaceous, is now 
doubtfully given a post-tertiary age by Mr. Bose. He has found, on 
tracing the rocks further westward into the valley of the Kakri river, 
within a short distance of Laidom, where the cretaceous rocks are 
typically developed, that the lithological dissimilarity between the new 
beds and the cretaceous is so great that he now doubts his original 
correlation. On account of the imperfectly consolidated character of 
the Um Rileng beds, he is inclined to regard them as comparatively 
recent in age. But the form of evidence is admittedly weak, and as 
there are signs of considerable changes in the physical features of the 
area since the deposition of the Um Rileng beds, the age of the forma- 
‘ion must remain, in the absence of fossils, undetermined. The attempts 
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made to test the value of the coal-seams have been reviewed on a 
previous page (p. 8). 


2.—Baluchistan. 


Aly Lae long-controverted question as to the age of the Takatu | 
mountain near Quetta has now been definitely 
settled. Some years ago Mr. F. H. Smith made 
a carefully detailed survey of the ranges, from which it became 
evident that the massive limestone, forming the main line of peaks, with 
a scarped face to the south-east and a dip-slope to the noith-west, does 
not really overlie the cretaceous rocks of the lower ranges to the south- 
east, but has been brought into its place by an overthrust fault. The 
opinion as to its eocene age upheld for many years by previous obser- 
vers could no longer, therefore, be maintained. Some fossils showing 
mesozoic affinities were also found, but not sufficiently characteristic 
for a more precise determination of the age.’ Following Mr. Smith’s 
indications, Mr, Vredenburg came across several localities where the 
fossils are more plentiful, the most abundant of all belonging to two 
species of Spiriferina. ‘These fossils occur in a thick series of shales 
and flaggy limestones, extensively developed in several parts of Balu- 
chistan, and of an age which cannot be later than liassic. In normal 
sections they always underlie the great formation appropriately named 
by Mr. Oldham the “ massive limestone,” in whose uppermost strata 
callovian fossils have been described by Dr. Noetling,! It is the latter 
rock, and not the Nummulitic eocene limestone, that forms the most 
conspicuous portion of the Takatu. 


Mr. EF, Vredenburg. 


3.—Burma. ‘ 


42. During the course of his work in the Lower Chindwin district, 
Mr. Oldham paid special attention to the pecu- 

EXPLOSION CRATERS, : : . . : 
LowER CHINDWIN liar, crater-like hollows occurring in the tertiary 

DISTRICT : 1 ee . 
Behe hs biston, rocks, These | hollows have precipitous sides, 
and are sometimes a mile or more in diameter, 
occasionally including small lakes of salt water ; in one case near Laske, 
there were three confluent hollows, with low cross-ridges of volcanic 
ash between them, making a depression 13 miles long, and reaching, in 
the centre and deepest hollow, 150 feet below the general surface of 
the country. The fragmentary materials in the country around include 
fragments of andesitic lava, mixed with blocks derived from the tertiary 
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beds; but unmistakable volcanic tuffs are found near by, lying on the 
pliocene sandstones, the original shapes of the accumulations having 
been modified by recent erosion, There are eleven of these curious pit- 
craters in the district, arranged along a line running about N.-E.—S.-W. 
for a distance of 13 miles, thus suggesting their connection with some 
tectonic fissure, which, however, has not keen otherwise suspected or 
proved. ‘They were evidently formed after the cessation of the normal 
volcanic activity known to have occurred in the area, and were produced, 
according to Mr. Oldham’s judgment on the facts, by sudden and violent 
explosions of gases, not followed by ordinary volcanic ejécta, but begin- 
ning and ending abruptly. It is interesting to note that the volcanic 
material of the neighbourhood is andesitic in its character, as the 
most violent of explosive eruptions have been those connected with 
andesitic material, the recent eruptions in the West Indies having 
added further instances. The full paper will be published in the 

Records, which are to be revived. 
43. The work which has been done in the Northern Shan States by 
Messrs, LaTouche, Datta, and Pilgrim, requires 


ee ae SHAN either a detailed Sxplaneran on account of the 
Mr, T, D. LaTouche. difficulties which have arisen, or a brief mention 
he fe Pilgrim. on account of the few indisputable conclusions 


which have been obtained with regard to the 
stratigraphical characters of the country. ‘The difficulties, treated at 
considerable length in the reports for 1899-1900 and 1900-1901, are 
not yet removed, and the conclusions, stated more precisely in 1901- 
1902, have yet to be substantiated by paleontological work. The 
collections of fossils made during the past four seasons have now been 
sent to "England for critical examination, and until they are accurately 
determined, the questions of ccrrelation of the systems in Upper 
Burma with those on the European standard scale must be kept in 
abeyance. 

44. The premature discussion, however, of the question of correla- 
tion has regretfully obscured the actual observations, and has retarded 
the work of mapping the local natural groups of strata, which should 
be recognised and mapped as the first duty of the survey, apart from 
the interesting question of equivalence with the recognised systems of 
Europe. No system of strata in India jis coeval, beginning and 
finish, with any one in Europe, and the use of European terms should 
follow, not guide, the work of outlining formations on our.. maps, 
Whether a system of strata is paleozoic or mesozoic the essential 
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characters which give it an individuality as a system should be delineated 
and mapped, and that work will represent so much positive progress 
whether its exact age can be determined or not. 

45. In spite, however, of the confusion and the time which has been 
wasted over purely academic questions, the detailed lithological and 
stratigraphical description of the country has forced a recognition of 
certain of the groups with pronounced individuality, and the work 
which has been done in mapping, describing, and collecting from 
these represents solid and satisfactory progress. The formations about 
which there is no possible doubt have been outlined, and large collec- 
tions of fossils have been made. 

46. Mr. LaTouche has covered the new sheets, Nos. 239—241, 
published since the last report, and has completed the work partially 
done during the previous season on Sheets 285—287. He has also made 
a traverse through the Ruby Mines district, and, as far as the thick 
jungle would permit, has mapped the courses of several bands of the 
crystalline limestones in which the ruby is found. The details will 
be published when the survey has been completed; meanwhile, 
Mr. LaTouche, who is now on furlough, has taken the opportunity of 
* obtaining the opinions of specialists at home on the fossils which have 
been collected, and will endeavour to arrange for their“description in 
Europe in the hope of being able to supplement the field observations 
with palzontological data sufficiently precise to permit of correlation. 

47. Mr. Datta has similarly extended the survey work to the east 
and south, completing Sheets 332 and 333, and covering parts of 331, 
379, and 380. 

4.—Central India. 

48. Mr. Vredenburg’s services were lent for the field season to 

Be revenver: the Dhar Durbar, and, with the assistance of 

Mr. E. Vredenburg. Mr. Fermor, he made a detailed survey of the 

Bagels Le Fergrort Nimanpur pargana, generally known as the Dhar 
forest. The observations made on minerals of economic value are 
noticed separately (pp. 14 and 15), but in addition to these some ques- 
tions of geological interest have been developed and settled. As an 
example of the three-fold work of the geological surveyor—the delinea- 
tion of formations on the map, the application of newly-discovered pheno- 
mena to current geological problems, and the recognition of possible 
occurrences of material valuable from an economic stand-point — 
Mr. Vredenburg’s work in this area merits the highest degree of 
commendation. 
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49. The most important amongst the questions which can fairly be 
regarded as now settled, is the age of the sandstones and conglo- 
merates, formerly regarded by Mr. J. G. Medlicott and Dr. W. T. 
Blanford as part of the Lameta series of rocks which were deposited 
on the old Gondwana continent before it was overwhelmed by the 
great flows of Deccan trap in uppermost cretaceous times. 

Later writers on the area came to the conclusion that some expo- 
sures of the sandstones regarded as Lameta probably belonged to the 
Gondwana system, and hopes were consequently entertained of finding 
coal in this area. The formation is fairly constant in consisting of an 
upper division, in which the prevailing*sandstones are associated with 
shales and calcareous beds, resting on a lower division of conglomerate 

of well-rounded pebbles, em- 
bedded in clay or loose sand, or 
cemented by calcite, oxides of 
iron, or manganese. Throughout 
the greater portion of the area 
examined during the season this 
formation is. unfossiliferous ; 
but at the south-western ex- — 
tremity of the map (fig. 2), 
near Barwaha in Holkar terri- 
tory, the conglomerate contains 
typical Bagh  (cretaceous) 
fossils. The fossiliferous conglo- 
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Fic. 2.—Geological map of the Dhar supposed Gondwana sandstone, 
(DES and here also actually underlies 

the sandstone previously regarded as Gondwana. It is quite clear, 
therefore, that Dr. Blanford’s original correlation of these beds-with the 
Lametas was correct. His conclusions, based on lithological similari- 
ties, have now been confirmed by observed continuity of the sandstone 
and conglomerate without fossils to the sandstone and conglomerate 
with unmistakable cretaceous forms. . 
50. It follows alsu from these observations that the Lameta and the 
Bagh series are of the same age, the former being the deposits laid down 
in freslhy water on the Gondwana continent, whilst the latter are those 
formed at the same time in the adjoining sea. ‘The Barwaha exposure 
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thus indicates approximately the easternmost limit of trespass by the 
cretaceous (cenomanian) sea. 

51. In another way this work has been interesting as a contribution 
to the physical geography of the old land area which was over- 
whelmed by the great Deccan lava-flows in uppermost cretaceous times. 
In places where atmospheric agents have cut through the protecting 
envelope of trap, the old weathered surfaces of the Lameta series have 
been exposed, showing ferruginous and manganiierous laterites, like 
those of modern times, and revealing the old irregularities of surface 
due to river action in cretaceous times. The filling-up by the lava- 
flows of the old ravines cut in the Lameta sandstones has led some 
previous observers to false conclusions with regard to the relative 
ages of some exposures of Lameta sandstone and adjoining trap. 
Near Chandgarh, for instance, where the Narbada cuts through a thick 
conglomeratic bed, the latter, on account of its high level, was formerly 
taken to be a sub-recent accumulation in the river valley; but 
Mr. Fermor, who crossed the exposure early in the season, .was 
struck by the absence of basalt and agate pebbles amongst the boulders, 
as one would expect in a conglomerate formed at the expense of the 
Deccan trap. On returning later on, in accordance with Mr. Vreden- 
burg’s instructions, to examine the exposure more critically, it was 
found that the apparent higher position of the conglomerate was due 
to the Deccan trap having filled-in a deep valley in the Lameta beds.’ 

52. Observations which give us glimpses of the old cretaceous 
landscape which was obliterated by the great lava-flows do more than 
satisfy geological curiosity. ~The Deccan trap has protected the 
mineral wealth of the continent for Over 200,000 square miles, and it 
probably hides more coal than that which has escaped the uninterrupted 
ravages of the weather in the parts of the country exposed 
throughout the subsequent tertiary era. The valuable seams. of coal, 
for instance, accidentally exposed by the notch.cut out of the 
trap in the Pench valley in the Central Provinces gives an indication of 
what is still hidden below. 


1The recognition of a cretaceous age for these beds formerly regarded as 
sub-recent, leads us to suspect that the same may be true of similar deposits in 
other parts of India, for instance, those in which are situated the so-called alluvial 
diamond-workings of Bundelkhand. ‘there are many features in connection with 
these deposits which confirm the suspicion that they are not recent alluvial 
deposits, but are probably lately uncovered patches of the Lameta series, and this 
conclusion, if established, will have an important bearing on prospecting opera- 
tions in Central India. 4 


22 GEOLOGICAL SURVEY OF INDIA.. 


5.— _ Kash mir. 


63. Dr, Noetling was deputed to Kashmir in May to enquire into 
the relations of the permo-triassic rocks to those’ 
which, in the Salt Range and in the Central 
Himalayas of Spiti and Kumaon, have proved to be of such great 
interest to paleontologists. Amongst the results of Dr. Noetling’s 
work, the discovery of the fossil ferns, Gangamopterts and Glossopteris, 
in beds apparently below permian marine strata has an important bear- 
ing on the geological age of the Lower Gondwana beds in Peninsular 
India—a question on which the Geological Survey of India had for 
many years to stand alone, and without the support of its own palzon- 
tologist. Whilst the upper limit of the Gondwana system in -Penin- 
sular India could be defined with precision as upper jurassic, on 
account of the trespass of the sea and the deposition of characteristic * 
marine fossils in beds containing Upper Gondwana forms, there re- 
mained the great thickness of beds below in the Peninsula with fossil 
plants, amongst which Glossopteris and Gangamopterts, occurring in 
the lowest stages, indicated (according to the European key to the 
paleontological cipher) a jurassic age also. Relying on the accuracy 
of their stratigraphical work, the Geological Survey, led in this ques- 
tion by Dr. W. T. Blanford, insisted on the greater age of the Lower 
Gondwana rocks, and on purely indirect evidence fixed the base of the 
great system, in spite of the testimony of the Glossopteris flora, as 
approximately equivalent to the permian of Europe. Turning around 
to question the validity of the doctrines by which the Lower Gondwanas 
were considered to be jurassic on account of their fossil plants, the 
Geological Survey added to the strength of Professor Huxley’s con- 
tention that evolution amongst the inhabitants of isolated land-areas 
proceeds at dissimilar rates, in contrast to the greater uniformity in the 
distribution of marine forms; and that, instead of the Lower Gond- 
wanas being jurassic in age, the evidence pointed to the existence in 
India (and in Australia, Africa, and South America, where similar 
rocks occurred) of Glossopterts and its relatives several geological 
ages before these forms made their appearance in eee and in 
northern lands generally. 

54. The position taken up finally became strong enough— 
strengthened, in fact, by much, and often bitter, controversy—to 
force conviction on the geologists at home; but still direct and positive 
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proof remained wanting. Now, however, if Dr. Noetling has correctly 
read the facts recorded in Kashmir, the final point has been estab- 
lished by direct evidence. The discovery is sufficiently important to 
merit an immediate record of the essential details. 

55. At Khunmu, inthe Vihi valley, 15 miles south-east of Srinagar, 
a series of volcanic beds are covered in order by beds of quartzitic 
sandstones and unfossiliferous limestones, on which shales containing 
remains of Gangamopteris were found, followed conformably by 
chert beds, and a calcareous shale with further remains of Gangamo- 
pterts, associated with a ganoid fish of permian affinities, and frag- 
ments of a skull of Archegosaurus. There is then a break in the 
observations, due to the slopes being covered. by talus deposits, and 
the next beds exposed, dipping in the same direction, and presumably 
following the plant-bearing bed without a break, contain Fenestella 
with other Bryozoa. The Fenestella beds are covered by limestones 
with Spirifer derbyt, Productus indicus, and other well-known Salt 
Range fossils, which conclusively prove the. permian age of the beds, 

56. Accepting Dr. Noetling’s opinion that the gap in the exposures 
could not possibly hide a fault (which might have brought the permian 
limestones into their apparent position above the plant-bearing beds) 
the section he has described shows by direct evidence from marine 
fossils, that the G/ossopterts flora did actually exist in India in permian 
times. At this distance from the late seventies, when the position of 
the Geological Survey was so strongly assailed, the discovery produces 
no further comment than the remark that the plants are just where they 
ought to be expected. But those who took part in the controversy, and 
know of the difficulties of trusting to the defence of indirect evidence, 
will, as many as are still living, receive the announcement of this 
simple fact with satisfaction. To them, and especially to Dr. Blanford, 
who has left such a monument of solid work in India, my congratula- 
tions are offered in the name of my predecessor, under whom the 
work was done, and in the name of my colleagues. | 


6.—Madras. 


57. The area examined embraces the lower plainward edge and 
Vizacaratam nut. tinge of the 3,000-feet plateau lying to the north 
TRACTS : and south of the Salur-Jeypore ghat road, and 
Mr.C.S. Middlemiss. included in Sheet 108 of the Atlas of India 
(1 inch=4 miles), as well as the greater part of Sheet 92 S.-E., left over 
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from last year. To the above may be added a route traverse across 
Sheet-93 N.-E., vz7é Jeypore, and also a flying visit to the manganese 
mines of Kodur ete on the Bengal Nagpur Railway). 

58. The season’s work has again resulted in the discovery of nothing 
but crystalline rocks and the unfossiliferous old strata of probably 
Cuddapah age. The main groups of the crystalline rocks in the 
Vizagapatam hill tracts have now been outlined, and except for two 
small patches, one in the north-east of Vizagapatam district and the 
other in the south-west.on the borders of Godavari district, this blank 
formerly ‘existing in the geological map of India has been filled in. 

59. The -rock-groups fall naturally into four main bands, which, 
* with their N.-E.—S.-W. trend, determine the physical contours of the 
country. The north-western band, lying parallel to and adjoining the 
Bastar State, is a complex of hornblendic and micaceous gneisses and 
schists, often containing potstone, quartzites, frequently ferruginous, 
bands of augen-gneiss, forming the hills, charnockite in small quantity, 
and younger diabase-dykes. The country composed of these rocks 
is, generally speaking, a flat plateau, or set of two or more plateaux 
ascending by steps from 800 feet inthe south-west end to. over 1,000 
feet in the north-east near.Jeypore. This plateau ‘bears. a thick layer 
of soil of a bright red colour, through which the unaltered rocks 
occasionally protrude as we hills and on the edges of the ghats. . 

60. With a fairly well-marked scarp and rise of about 1,000 feet, the © 
boundary of the next band of rocks is marked off sharply from the first. 
This band is composed mainly of the charnockite series with associated 
khondalites, and grades into the third band on its south-east side, 
where, .in addition to the charnockites and khondalites, gneissose 
granite and granulites make their appearance. These two—the second 
and third .band—together form a rough, hilly-country, traversed by 
flat, open valleys.. The khondalites are regarded as originally sedi- 
mentary rocks, now completely metamorphosed by the intrusions of 
charnockite and granite. Amongst the results of contact-action Mr. 
Middlemiss has cited bands of magnetite, limonite, and manganese ores 
near the junction of the khondalite series and the igneous masses. 

61. The south-eastern edge of the third band forms a well-marked 
scarp traversed in the usual way by ghats, as the rapid drop occurs from 
the 3,000-feet plateau on to the plains to the east. In this low land, 
forming the fourth band, the rocks are mainly of the khondalite series, 
through which occasional bosses of gneissose granite and charnockite 
protrude... 2-4 ; 
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62. The large mass of crystalline rocks thus briefly described con- 
tains the usual great variety of lithological types, a few of which, on 
account of their exceptional characters, deserve special notice. Near 
Koraput, for instance, Mr. Middlemiss found a band of elzolite-syenite 
gneiss, which is now the second instance of this interesting rock-group 
in Peninsular India, the first found being that of Sivamalai in the 
Coimbatore district.! 

Another rock-band contains so many exceptional minerals that the 
specimens will require.a detailed study for their identification. Sap- 
phirine, a prominent constituent of one of these bands, is a mineral 
which has only been found in one other locality, namely, Fiskernas, in 
Greenland. This band has been traced for some 30 miles from Guda 
to Sampangputi, and the study of the large collection of strange types 
obtained will certainly lead to results of considerable mineralogical 
interest. . 

_ 63. Mr. Middlemiss is of opinion that the high-level laterite of 
these hills is a definite sedimentary deposit laid down in water. It is 
limited, he reports, to a fairly constant level, surrounding the hills like a 
shoresbelt, through which the bare rocks now rise.to superior heights, 
and were, he thinks, “islands in the lateritic age.’ On the inward 
side of the terraces there is, in each case, a shingle deposit of rolled 
and partly rounded. pebbles of the underlying khondalite rock, set in 
a pisolitic laterite matrix. But no fossils of any ‘sort have been found. 
This is an addition to the many theories which have been advanced to 
account for this peculiar formation, and it can only be discussed with 
fairness after a full display of the data.. Judging, however, by the 
summary of observations at my disposal, I should not be disposed_ to 
regard this new suggestion as one likely to affect the growing con- 
viction that laterite is due to a form of rock-decomposition peculiar to, 
or at any rate specially prominent in, moist, tropical climates. 


7.—Punjab. 

64. In accordance with instructions from the Right Honourable the 

ea eR iene Secretary of State, Dr. Noetling was deputed, 

Dr. F. Noetling.. during the cold weather of 1902-03, to accompany 

PRR A IG LE Professor E. Koken of Tiibingen on his tour 
through the Salt Range. Only short notes of the observations made 
have been submitted by Dr. Noetling, and in these two important 
conclusions requiring further detailed support have been reported. 


* Memoirs, Geol, Surv, Ind., vol. XXX, pt. 3. 


26 GEOLOGICAL SURVEY OF INDIA. 


65. The peculiar salt-marl, lying below the cambrian strata, has 


been a puzzle to every worker in the Salt Range: the preservation of. 


large masses of salt since pre-cambrian times, as its stratigraphical 
position appeared to indicate, is without a parallel ; and the fact that other 
salt deposits not far off appeared to be of tertiary age, as well as the 
abnormal characters of the salt-marl itself, have combined to suggest 
that its position immediately below lower cambrian beds must have 
been attained by some process other than normal sediméntation. 
These points have been noticed by many previous workers, who felt 
unable to offer a satisfactory explanation of the apparently anomalous 
phenomena. Dr. Noetling reports now that there are evidences of the 
whole sedimentary series, from. cambrian to tertiary, having been 
thrust bodily in a southerly direction over the salt-marl, and that the 
latter is probably but another exposure of the tertiary salt-bearing 
formation like that represented at Kohat. The idea thus involves an 
extension of the thrust-plane noticed by Mr. A. B.. Wynne .many 
years ago near Kalabagh. There are many questions to answer 
before accepting this plausible explanation of the difficulty, and it is 
a subject of sufficient importance to merit more detailed observations 
than have been reported. 

66. The other point of interest is the discovery of further, and 
apparently conclusive, evidence in support of the theory held by the 
Department that the Salt Range boulder-bed is due to glacial action in 
permian times. Onthe northern slope of the western branch of the 
Makrach glen, where the boulder-bed has been removed by the weather, 
typical glacial striz were found on the cambrian magnesian sandstone, 
over which the ice must have moved. Evidence was obtained also to 


show that the facetted boulders, which have been so puzzling to. 


glacialists, must have been planed in their peculiar way by being 
embedded in the rocks over which the glacier and its ground-moraine 
moved, a new face being cut when the boulder became shifted and 
turned over. It is to be regretted that specimens and drawings in 
illustration of these interesting observations have not been offered to 
the Department, the only account of the details available being those 
published in a series of joint papers by Drs. Koken and Noetling in the 
Centralblatt fiir Mineralogie, Geologie und Palzonlologie, 1903. 


T. H. HOLLAND, Director, 


Geological Survey of India. 
CALCUTTA ; 


August 1st, 1903. 
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Vor. I, 1868. 


Part 1,—Annual report for 1867. The coal-seams of the Tawa valley. On the prospects of 
useful coal being found in the Garrow Hills. Copper in Bundelkund. Meteorites. 


Part 2.—On the coal-seams of the neighbourhood of Chanda. ‘Coal near Nagpur. Geological 
notes on the Surat collectorate. The cephalopodous fauna of the South Indian cretaceous 
deposits. Lead in the district of Raepur. Coal in the Eastern Hemisphere. Meteorites. 


Part 3.—General results obtained from an examination of the gastropodous fauna of the South 
Indian cretaceous deposits. Notes on route from Poona to Nagpur vid Ahmednuggur, — 
Jalna, Loonar, Yeotmahal, Mangali, and Hingunghat. On the agate-flake found Wy Mr. 
Wynne in the pliocene (?) deposits of the Upper Godavery. The Boundary of the Vindh- 
yan series in Rajputana. Meteorites. 


Vou. HI, 1869. 


Part 1,—The valley of the Poorna river, West Berar. Onthe Kuddapah and Kurnool 
formations. Geological sketch of the Shillong plateau. On the occurrence of gold in 
the district of Singbhoom, &c. Memorandum on the wells now being sunk at the 
European Penitentiary, and at the site for the Central Jail, Hazareebagh. Meteorites. 


Part 2,—Annual report for 1868. Note on Pangshura tecta and the other species of Chelonia 
from the newer tertiary deposits of the Nerbudda valley. Sketch of the metamorphic. 
rocks of Bengal. 


Part 3.—Preliminary noteson the geology of Kutch, Western India. Contributions to the 
geology and physical geography of the Nicobar Islands. 

Part 4.—On the beds containing silicified wood in Eastern Prome, British Burma. Mineralo- 
gical statistics of Kumaon division. The coal-field near Chanda. Lead in the Raipur dise 
trict. Meteorites, — a ; ee 


Vor. Ill, 1870, 


Part 1.—Annual report for 1869. On the geology of the neighbourhood of Madras. On the 
alluvial deposits of the Irrawadi, more particularly as contrasted with those of the Ganges. 

Part 2.—Geology of Gwalior and vicinity. On the slates at Chiteli, Kumaon. On the lead 
vein near Chicholi, Raipur district, The Wardha river coal-fields, Berar and Central Pro- 
vinces. Report on the coal at Korba in the Bilaspur district. ; 

Part 3.—The Mohpani coal-field. On the lead-ore at Slimanabad, Jabalpur district. On the 
Occurrence of coal east of Chhatisgarh in the country between Bilaspur and Ranchi. 
On petroleum in Burma. On the petroleum locality of Sudkal, near Futtijung, west of 
Rawalpindi. On the occurrence of argentiferous galena and copper in the district of 
Manbhum, S. W. Frontier of Bengal. Assays of iron ores. 


Part 4.—On the geology of Mount Tilla, in the Punjab. The copper depesits of Dalbhum and 
Singbhum: 1,—The copper mines of Singbhum: 2.—On the copper of Dalbhum and 
Singbhum. Meteorites. | 


Vou. IV, 1871. 


Part 1.—Annual report for 1870. Enquiry into an alleged discovery of coal near Gooty, and of 
the indications of coal in the Cuddapah district. Mineral statistics of the Kumaon division, 


Part 2.—The axial group in Western Prome. Geological structure of the Southern Konkan. 
On the supposed occurrence of native antimony in the Straits Setttlements. On the 
composition of a deposit in the boilers of steam-engines at Raniganj. On the plant-— 

_ bearing sandstones of the Godavari valley, on the southern extension of rocks belonging 
to the Kamthi group to the neighbourhood of Ellore and Rajamandri, and on the possible 
occurrence of coal in the same direction. : Ba 

Part 3.—The progress and results of borings for coal in the Godavari valley. near Dumaguden 
and Bhadrachalam. On the Narbada coal-basin. Sketch of the geology of the Central 
Provinces. Additional note on the plant-bearing sandstones of the Godavari valley. 


*y 


Part 4.—The ammonite fauna of Kutch. The 'Raigur and Hengir (Gangpur) Coalefield. 
Description of the sandstones in the neighbourhood of the first barrier on the Godavari, 
and in the country between the Godavari and Ellore. 


Vor. V, 1872. 


Part 1.—Annual report for 1871. Rough section showing the relations of the rocks near 
Murree (Mari), Punjab. Mineralogical notes on the gneiss of South Mirzapur and adjoin- 
ing country. Description of the sandstones in the neighbourhood of the first barrier on 
the.Godavari, and in the country between the Godavari and Ellore. 


Part 2.—On the geological formation seen along the coasts of Beluchistan and Persia from 
Karachi to the head of the Persian Gulf, and on some of the Gulf Islands. On a tras 
verse of parts of the Kummummet and Hanamconda districts in the Nizam’s Dominions. 
The geology of Orissa. Ona new coal-field in the south-eastern part of the Hyderabad 
(Deccan) territory. ; 


‘Bart 3.—On Maskat and Massandim on the east coast of Arabia. An example of local joint- 
ing. On the axial group of Western Prome. On the geology of the Bombay Presidency. 


Part 4.—On exploration for coal in the northern region of the Satpura basin. On the value 
of the evidence afforded by raised oyster banks on the coasts of India, in estimating the 
amount of elevation indicated thereby. On a possible field of coal-measures in the Godavari 
district, Madras Presidency. On the lameta or infra-trappean formation of Central India. 
On some recently discovered petroleum localities in Pegu. Correction regarding the sup- 
posed eozoonal limestone of Yellam Bile. 


iVot. VI, 1873. 


Part 1.—Annual report for 1872. The geology of the North-West Provinces. 

Part 2.—The Bisrampur coal-field. Mineralogical notes on the gneiss of South Mirzapur and 
adjoining country. te 

Part 3.—Notes on a celt found by Mr. Hacket in the ossiferous deposits of Narbada valley 
(Pliocene of Falconer): on the age of the deposits, and on the associated shells. On 
the Barakars (coal-measures) in the Beddadanole field, Godavari district. On the geology 
of parts of the Upper Punjab. Coal in India. The salt-springs of Pegu. 


Part 4.—On some of the iron deposits of Chanda (Central Provinces), Barren Islands and 
Narkondam. Stray notes on the metalliferous resources of British Burma. 


Vout. VII, 1874. 


Part r.~Annual report for 1873. On the geological structure of the hill ranges between the 
Indus valley in Ladak and Shah-i-Dula on the frontier of Yarkand territory. On some 
of the iron ores of Kumaon. On the raw materials for iron-smelting in the Raniganj 
field. On the habitat in India of the elastic sandstone, or so-called Itacolumyte. Geolo- 
gical notes on part of Northern Hazaribagh. 


Part 2.—Geological notes on the route traversed by the Yarkand Embassy’ from Shah-i- 
Dula to Yarkhand and Kashgar. On the occurrence of jade in the Karakas valley, on 
the southern borders of Turkistan. Notes from the Eastern Himalaya. Petroleum in 
Assam. Coal in the Garo Hills. On the discovery of a new locality for copper in 
the Narbada valley. Potash-salt from East India. On the Geology of the neighbourhood 
of Mari hill station in the Punjab. 


Part 3.—Geological observations madeon a visit to the Chaderkul, Thian Shan range. On 

_» the former extension of glaciers within the Kangra district. On the building and 
ornamental stones of India. Second note on the materials for-iron manufacture in the 
Raniganj coal-field. Manganese ore in the Wardha coal-field. 


Part 4.—The auriferous rocks of the Dhambal hills, Dharwar district. Remarks on certain 
considerations adduced by Falconer in support of the antiquity of the human race in India. 
_ -,Geological notes made on a visit to the coal recently discovered in the country of the Luni 
Pathans, south-east corner of Afghanistan. Note on the progress of geological investi- 
gation in the Godavari district, Madras Presidency. Notes upon the subsidiary materials 

for artificial fuel. . : : 


VoL. VIL, 1878,° 


Part 1.—Annual report for 1874. The Altum-Artush considered from a geological point of view, 
On the evidences of ‘ground-ice’ in tropical India, during the Talchir period. Trials of 
Raniganj fire-bricks. _ : 

Part 2 (out of print).—On_ the gold-fields of south-east Wynaad, Madras Presidency. Geos 

_ logical notes on the. Khareean hills in the Upper Punjab. On water-bearing strata of 
the Surat district. Sketch of the geology of Scindia’s territories. 

Part 3.—The Shahpur coal-field, with notice of coal explorations in the Narbada region. 

Note on coal recently found near Moflong, Khasia Hills. 


Part 4.—Note on the geology of Nepal. The Raigarh and Hingir coal-fields, 


Vo. IX, 1876. 


Part 1 (out of print).—Annual report for 1875. On the geology of Sind. 

Part 2.—The retirement of Dr. Oldham. On the age of some fossil floras in India. Descrips 
tion of a cranium of Stegodon Ganesa, with notes on the ‘sub-genus and allied forms. 
Note upon the Sub-Himalayan series in the Jamu (Jummoo) Hills. 

Part 3.—On the age of some fossil floras in India. On the geological age of certain groups 
comprised in the.Gondwana series of India, and on the evidence they afford of distinct 
zoological and botanical terrestrial regions in ancient epochs. On the relations of the 
fossiliferous: strata at Maleri and Kota, near Sironcha, C. P. On the fossil mammalian 
faunz of India and Butma. 

Part 4.—On the age of some fossil floras in India. On the osteology of Merycopotamus dis= 
similis. Addenda and Corrigenda to paper on tertiary mammalia. Occurrence of Ples- 
iosaurus in India. On the geology of the Pir Panjal and neighbouring districts. 5 


Vor. Xx, 1277. 


Part 1.—Annual report for 1876. Geological notes on the Great Indian Desert between Sind 
and Rajputana. On the occurrence of the cretaceous genus Omphalia near Nameho lake, 
Tibet; about 75 miles north of Lhassa. On Estheria in the Gondwana formation. Notices 
of new and other vertebrata from Indian tertiary and secondary rocks. Description 
of a new Emydine from the upper tertiaries of the Northern Punjab.. Observations 
on under-ground temperature. : 

Part 2.—On the rocks of the Lower Godavari. On the ‘Atgarh Sandstones’ near Cuttack. 
On fossil floras in India. Notices of new or rare mammals from the Siwaliks. On the 
Arvali series in North-eastern Rajputana. Borings for coal ,in India, On the geology » 


of India. 

Part 3.—On the tertiary zone and underlying rocks in the North-west Punjab. On fossil floras — 
in India. On the occurrence of erratics in the Potwar. On recent coal explorations in 
the Darjiling district. .Limestones‘in the neighbourhood of Barakar. On some forms 
of blowing-machine used by the smiths of Upper Assam... Analyses of Raniganj coals. 


Part 4.—On the Geology of the Mahanadi basin and its vicinity. On the diamonds, gold, 
and lead ores of the Sambalpur district. Note on ‘Eryon Comp. Barrovensis,’ McCoy, 
from the Sripermatur group near Madras. On fossil floras in India. The Blaini group 
and the. ‘Central Gneiss’ in the Simla Himalayas. Remarks on-some statements in 
Mr. Wynne’s paper on the tertiaries of the North-west Punjab. - Note on the genera 


Cheeromeryx and Rhagatherium.: 


Vo. XI, 1878. - 


Part 1.~Annual report for 1877. On the geology of the Upper Godavari basin, between the 
river Wardha and the Godavari, near the civil station of Sironcha, On the geology of 
Kashmir, Kishtwar,.and Pangi. Notices of Siwalik mammals. The palzontological 
relations of the Gondwana system. On ‘Remarks, &c., by Mr. Theobald upon erratics in - 
the Punjab.’. ae 

Part 2:—On the Geology.of Sind (second notice). On the origin of the. Kumaun lakes.. On 
a‘ trip over the Milam Pass, Kumaun. The mud volcanoes of Ramri and Cheduba. 
On the mineral resources of Ramri, Cheduba, and the adjacent islands. - 2 
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GENERAL REEORT 


ON THE WORK CARRIED ON BY ‘THE 


GEOLOGIGAL SURVEY OF INDIA 


FOR THE PERIOD FROM THE IST APRIL 


1901 


TO THE 31ST MARCH 


1902. 


PART I._HEAD-QUARTER NOTES. 


During the year under report, I carried out 
the following tours :— 

(t) I proceeded to the Punjab and Kashmir, leaving Calcutta on 

the 7th September and returning on 

the 17th October, for the purpose of 
studying the lower trias sections of the Vihi and Scind 
valleys in greater detail than was done by Mr. Lydekker, 
who had surveyed. Kashmir many years ago. The very 
important task still remains of correlating the lower trias 
of Kashmir with that of the Central Himalayas and also 

the Salt range in the Punjab. It is hoped that these 
studies will be commenced during the summer months of 
1902. 

(2) ae the 11th November to 8th December | remained in the 
northern Shan States of Burma for 
the purpose of inspecting the pro- 
gress of work carried on by Messrs. LaTouche and Datta, 


Director's tours. 


PUNJAB AND KASHMIR. 


UprPeR BuRMA. 
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who had completed the survey of a very large tract of 
country. Some of the points on which these two officers 
differed in their interpretation were carefully discussed, 
and as these considerations were mainly based upon fossil 
evidence, Dr. Noetling, the Palzontologist of the Depart- 
ment, was also deputed to Burma to aid in these revisions. 
(3) During March 1902 | visited Mr. F. H. Smith’s party which 
is engaged in the examination of the 
auriferous localities in Chota Nag- 
pore. As will be seen further on, the results obtained so 
far are not very encouraging, but nevertheless this inquiry 
will have to be carried on until at least all the localities 
which had once upon a time been either prospected or 
worked for useful minerals have been subjected to a 
thorough examination. 
During the year under report the Department lost the services of 
four officers: two geologists on the regular staff, 
and two mining specialists. Dr. von Krafft 
died suddenly on the 22nd September 1901, but not without leaving 
behind him valuable reports and manuscripts which will be published in 
the Memoirs ofthe Department. By his deaththe Department suffers 
a most serious loss; Dr. von Krafft was not only specially trained for 
scientific work, but he was an exceptionally keen mountaineer and as 
such invaluable as an explorer of the highest portions of the Hima- 
layas. 2 

Dr. T. L. Walker resigned his appointment on the 28th December 
1901, having been nominated Professor of Mineralogy at the University 
of Toronto. 

Mr, G. A. Stonier,was appointed officiating Chief Inspector of 
Mines and as such acted under my supervision, 
but on the Inspection of Mines office being 
established as a separate department under Government, Mr. Stonier 
was confirmed as Chief Inspector of Mines under date 7th January 
1902, and the Geological Survey lost his services as specialist. 

Mr. R. R. Simpson was appointed by His Majesty’s Secretary of 
State for India a coal-specialist on the 13th November Igor, but his 
‘services were utilised as Inspector of Mines under Mr. Stonier. 

It will thus be seen that owing to deaths, resignations and the 
necessities of the Inspection of Mines Office, the Department was 
deprived of the services of four officers during the greater part of the 


CHOTA NAGPORE. 


Changes on the Staff. 


Mining Specialists. 
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year, to which must be added the absence on furlough during part of 
the year under review, of Messrs. Oldham, Middlemiss, Holland, 
Smith and Dr. Noetling. which casaulties have greatly reduced the 
total output of work which might have been expected from the 
Department. 


1.—Museum and Laboratory. 


During the past year the curatorship was held from June till 
November by Dr. T. L. Walker and for the remainder of the year by 
Mr. Hayden. 

The arranging, cleaning and labelling of the cases has progressed 
steadily. It has also been found necessary to undertake the complete 
cleaning and re-labelling of the large and valuable “ Klipstein” col- 
lection of foreign fossils: for this purpose a special grant has been 
sanctioned by the Government of India and a staff of native label- 
writers has been engaged. The work of cleaning the cases and speci- 
mens will probably be completed by June 1902, but more than a year 
will be required for the re-labelling. 

Several valuable additions have been made to the collections 
during the past year, one of the most interesting of which is the 
Sindhri meteorite ; this is a stony meteorite, weighing 7,837 grammes, 
which fell on 1oth June 1901. It may be remarked in this connexion 
that the Government of India, Department of Revenue and Agriculture, 


Circular No. ‘5G dated 28th April 1885, enjoining the despatch to 
the Geological Section of the Indian Museum of all meteorites falling 
in British territory, has become practically a dead-letter, and the 
attention of local Governments and of district officials might with ad- 
vantage be drawn to it. 

The following donations have been received during the year :— 


Donor. 


Seven meteoric irons . 
Prof. H. A. Ward, Chicago. 


Seven stony meteorites . ° 


Specimens of muscovite from Inikurti, Nellore E. H. Sargent, Esq., Nellore. 
district e e e . e e e 


Copper and copper slag, obtained in the -F. Thompson, Esq., Sam Sing, 
smelting of Chalcopyrite, from Komai, Dar- _—_ Jalpaiguri. ; 
jiling district. 
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Over three hundred assays and determinations, detailed lists of 
which will be found in the quarterly sare have: been made in the 
Laboratory during the past year. 

The curator reports that he is greatly indebted to Mr. T. R. 
Blyth, Assistant Curator, for the valuable assistance rendered by him 
in the Museum and Laboratory. 


2.—Palzontological work. 


During the year the collection of fossils belonging to the depart- 
ment was largely augmented by most valuable additions collected by 
(1) Messrs. La Touche and Datta in Burma, (2) Mr. Hayden in Spiti, 
and (3) Mr. Vredenburg in Baluchistan. The naming and cursory ex- 
amination of the same will take the entire recess season of 1902, but 
it will take years to fully describe the most important part of these 
fossil collections, and this will only be possible through the co-opera- 
tion of palzontologists at home, as the material is of far too vast a 
nature for one specialist to describe during a life-time. 


(a) Descriptive work in India. 


Dr. F. Noetling returned from leave on the 29th of October and 
resumed the description of the Tertiary fauna of 
Sind, in particular that of the Nari stage. The 
determination and description of the Pelecypoda 
is almost finished, but it is not intended to publish it as a separate 
memoir until the Gastropoda are completed, which will enable him to 
form a more accurate opinion on the fauna generally. 

The examination of the Pelecypoda points to the conclusion 
that the age of the Nari stage can hardly be older than the Priabona 
beds of upper Italy, though it is even possible that they are somewhat 
younger. The Nari stage may therefore represent the top of the 
eocene series, The examination of the Pelecypoda has further 
proved that there is hardly any faunistic similarity between the Nari 
and the younger Gaj stage. This isa very important fact inasmuch 


as it would prove a faunistic break between the eocene-Nari and the 
miocene-Gaj series. 


Dr. F, NOgTLING. 
Tertiary fossils of Sind. 
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The description of the lower trias fossils of the Himalayas engaged 
Dr. von Krafft during the entire recess season 
of 1G01 up to the day of his death. It is as yet 
impossible to say how far his descriptions of new 
species are ready for publication. Amongst his papers were found 
more or less complete descriptions of species belonging to the follow- 
ing genera :— 


DR. VON KRaFFT 07 
the lower trias fossils. 


. Meekoceras, Hyatt. 

. Ceratites, de Haan. 

. Xenodtscus, Waag. 

. Hedenstremta, Waag, 
. Prechiceras, nov. gen. 
. S7zbtrites, Mojs. 

. Proptychttes, nov. gen. 
. Flemingites, Waag. 

. Nannites, Mojs. 


These are also partly illustrated by drawings, but the work of 
revising the text and comparing the type specimens with the same, 
not less than selecting suitable figures to illustrate those which have 
not yet been figured, has stillto be done. The work when completed 
will no doubt form a very valuable contribution to triassic palaon- 
tology, even should it turn out to consist of fragmentary notes only. 


(6) Descriptive work in Europe. 


The work mentioned on page 4 of last year’s General Report is still 
in progress, 

Professor R. Zeiller has entirely finished the description of the 
Gondwana flora, and the work is printed and will 
appear within the next few weeks. 


Dr. F. L. Kitchin has furnished the full description, with 
plates, of the J7rigontz of the Kutch fauna, 
which will now be published as part 2 of 
Volume III, Series IX, of the Paleontologia Indica. 

There is only a small remnant, consisting of the remainder of 
the Lamellibranchiata, which is awaiting description by Dr. Kitchin, 
which will be done during next year. 

The older palzozoic fossils of the Himalayas, the description of 
which should be contained in Palzontologia Indica, Series XV, Vol. I, 


In FRANCE. 


IN ENGLAND, 
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are still in England awaiting naming, but up to date it has not 
been possible to secure the services of an expert. Paleontologists are 
few in England, and apparently there are none with sufficient time 
at their disposal to undertake Indian work. 

© 1. Professor V. Uhlig has sent a first small instalment of the 
description of the Spiti fauna consisting of the 
: genera Phylloceras, Lytoceras, Haploceras, 
Flecticoceras, Oppelia, Aspidoceras and Holcostephanus, which 
will be illustrated by 18 plates. There are 74 plates lithographed up 
to date, so it may be expected that the description of the remaining 
genera will require several years for their completion. 

2. Professor Dr. Diener is at present engaged in describing the 
permian and carboniferous fossils of the Himalayas, which had 
recently been collected by Mr. Hayden and Dr. von Krafft, and these 
will probably not be finished before the end of 1902-1903. 
He has also promised to undertake the description of the new 
additions to collections of upper trias fossils. 


IN AUSTRIA. 


3.—Publications and Library. 


The following publications were issued during the past twelve 
months :-— 

General Report on the work carried on by the Geological 
Survey of India, from the rst April 
igor to the 31st March 1go2. 
Volume XXX, Part 3. Sivamalai series of the Eleolite-Syenites, 

Memoirs. by T. H. Holland. 

Part 4. Report of the Geological Congress of Paris, by Dr. 
W. T. Blanford, F.R.S. 

Volume XXXI, Part 1. Geology of the Shu valley in the 
Rewah State, etc., by R. D. Oldham, P. N. Datta and 
E. Vredenburg. 

Part 2. A Geological sketch of the Baluchistan Desert and 
part of eastern Persia, by E. Vredenburg. 

Part 3. Petrological notes on some Peridotites, Serpentine 
etc., by Lieut.-General C. A. McMahon, F.R.S. 

Volume XXXII, Part 1. Recent Artesian experiments in- fae 
by E. Vredenburg. 

Part 2. Report on the Rampur Coalfield, by G. F. Reader. 
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Volume XXKXIII, Part 2. On some auriferous localities in India, 
by H. H. Hayden and Dr. F. H. Hatch. 

Volume XXXIV, Part 1. Ona peculiar form of altered peridotite 
in Mysore State, by T. H. Holland. 

New series Vol. I, No. 3. Fauna of the Miocene Beds of Burma, 
Palaontologia Indica. by Dre te Noetling. 

Series X, Vol. IV. Title page, contents, etc. 


Series XV, Vol. III. Title page, contents, etc. 


Popular Guide to 
museum. 


Annual Report of the Inspector of mines for the year ending 
Inspector of mines. 31st December 1900. 
The additions to the library during the year Igo1-02 amount 
to 1,922 volumes of which 1,132 were acquired 
by presentation and 790 by purchase. 


Meteorites, No. 3, Appendix. 


Library. 


PART II.—FIELD PARTIES. 


During the year ending the 31st March the officers of the 
Distribution of officers, Department were posted as follows :— 


SUPERINTENDENTS. 


Mr. R. D. Oldham . .| Returned from furlough on the 17th 
July 1go! ; was posted to the survey 
of the Simla hills and the Sulaiman 
hills west of Dera Ghazi Khan. Left 
Calcutta on the 29th August 1901 and 
returned to headquarters on the 18th 

March 1902. 


Mr. T. H..D. La Touche ,| Returned to headquarters from the 
northern Shan States on the 2oth 
April 1901; engaged in drawing up 
his report. Was again posted to the 
northern Shan States from the 3rd 
November to date. 


Mr. C. S. Middlemiss .| Returned from furlough on the 18th 
December rgor and was posted to the 
Vizagapatam hill tract from the 8th 
January to date. 
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DEPUTY SUPERINTENDENTS. 


Mr. P. N. Bose : .| During April was engaged in surveying 
parts of the Jhaintia hills of Assam; 
returned to headquarters on the 11th 
May 1901, where he was engaged in 
drawing up a report on the previous 
season’s work. Was posted to the 
same area for the cold weather period 
and left Calcutta for the field on the 
2nd December 1tgot. 


Mr. T. H. Holland . .| During April tg0r was engaged in 
examining the neighbourhood of 
Dharmsala hill station and afterwards 
was posted to the survey of the 
Kangra district. Returned to Calcutta 
on the 22nd September and left on 
furlough on the zgth October 1901. 


Mr. P. N. Datta 2: -|During April an? part of May was 
engaged on the survey of the northern , 
Shan Sates; returned to headquarters 
for recess work on the 13th May igot 
and during the cold weather months 
was again posted to the same area; 
left for it on the 5th November rgor. 


Mr. F. H. Smith : - | Returned from furlough 18th November 
1901; was posted to the Chota Nag: 
pore mineral survey and left for his 
post on the 5th December. 


ASSISTANT SUPERINTENDENTS. 


Mr. H.H Hayden . .| During the rainy season of Icol was 
deputed to the Spiti Himalayas to 
complete his previous surveys of that 
area.. Left on the 7th June 1901, 
returning from there on 29th October, 
when he took over the duties of curator 

- of the Museum. On the 4th March he 
was deputed to Assam to report on ~ 
the condition of the hill section of the 
Assam Bengal railway and the coal- 
seams which occur in the neighbours 
hood. 
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Mr. E. Vredenburg . .| Had been posted to Baluchistan during 
-_ 1900-1901 and remained there till the 
1st October 1go1 when he returned to 

headquarters for the purpose of describ- 

ing his collections. He returned to 

the survey of Baluchistan in February 


1902. 

Dr, Fe L. Walker. . | Curator during the recess season of 1901 ; 
resigned his appointment in October 
gol. 

Dr. A. von Krafft . . | At headquarters during the recess season 
of 1901; died on the 22nd September 

| 1gOI. 


PALZONTOLOGIST. 


Dr. F. Noetling . *,. On furlough during the recess season till 
29th October 1901 ; accompanied the 

| Director on a tour to Burma during 

| November and December. In March 


_ 1901 was deputed to examine the’ 
|. Sambhar Lake in Rajputana. 


SPECIALIST. 


Mr. G. A. Stonier During April 1901 was performing mis- 


cellaneous duties in connection with 
Mines inspection, and also was on 
deputation to Bikanir to select boring 
sites. Later engaged on the Jherria 
coal survey. Services transferred to 
the Department of Revenue and Agri- 
culture as Chief Inspector of Mines in 
India, 7th January 1902. 


SuB- ASSISTANTS. 


Hira Lal and Kishen Singh.| Were during 1901-1902 attached to 
parties of Messrs. Stonier, Datta and 


| Smith. 
ASSISTANT CURATOR, 


Mr: T. R.:Blyth.” ©. . Was on duty at the Museum during the 
entire year under report. 
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A.—ECONOMIC ENQUIRIES. 


I.—Gold. 


During the year under report only one party could be spared 

for systematic gold prospecting and that could 

See only be done on a limited scale in Chota Nagpur, 

Sub-Assistant Mr. Smith, assisted by Sub-Assistant Hira Lal, 

plan examined parts of the Anandpur, Porahat and 

Manharpur districts of Singbhum, lying to the north of Sonua and 

-Goilkera, and to the north and south of Manharpur stations of 
the Bengal-Nagpur Railway. 

I myself visited the party during March and was much pleased 
at the progress made in the prospecting opera- 
tions, regarding which Mr. Smith has sent in 
a preliminary report from which the following notes may be 
quoted :— . . 

“The geology of the area is very simple on the whole. The 
rocks consist of the schists and slates of the 
transition system, with a very constant east and 
west strike, and dip varying from vertical to 50° N. At the same time 
there*is a good deal of local crushing of the beds, with frequent 
evidence of faulting on a limited scale. In the hilly country the rocks 
are traversed by well-defined sets of cleavage and joint planes; but 
the pressure which caused them has often disappeared, especially near 
the hill-tops, and the rocks shew a tendency to fall open, giving 
rise to extensive vertical fissures, which penetrate far into the hill-side. 
These fissures are a source of considerable confusion. The old 
workings are frequently found passing into them, and as the fissures 
are generally filled loosely with fragments fallen in from the sides, 
it is difficult to tell where the fissure begins and the working ends. 
It is quite possible that the ancients followed these clefts originally, 
taking them for ‘older workings’ and hoping to find treasure 
in them. : . 

The country, rocks shew much weathering, and they are hydrated 
to a considerable depth. The most common type is a soft greenish 
clay-slate, locally steatitic or sandy. The harder rocks consist of 
chloritic, micaceous, hornblendic and haematitic schists, with their 
bands of compact felsite. They shew, under the microscope, signs of 
great crushing and metamorphism, having a general epidioritic 


Director. 


Geology. 
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appearance, with a few strings and trails of mylonitic quartz 
fragments and minute crystals of chlorite or mica; and some secondary 
calcite. Occasional beds of compact dolomite occur, and also bands 
of segregated haematite and quartz-haematite breccia, in the slates. 

Trap dykes are of somewhat rare occurrence. Quartzite beds 
are also very exceptional. A broad band of quartz-haematite schist 
occurs in the Ankwabanga hill, and is slightly auriferous; but the 
only distinct bed of quartzite met with is that mentioned by Dr. 
Hatch at Parhardiah. This is twenty or thirty feet in thickness and 
traverses the country for a long distance, being seen again in the Koel 
river at Bera, eight miles to the north-east. There are probably one 
or two smaller beds associated with this main band at Parhardiah, 
and the rock is auriferous, though the gold appears to be very 
thinly disseminated through it. 

Some of the leaders mentioned below, and possibly one or two 
of, the reefs, may also be due to the metamorphism of original quartzite 
beds in the slates, but the great majority are probably true reefs— 
fissures gradually filled up with secondary quartz deposited with 
other minerals by percolating water. 

Quartz reefs occur abundantly throughout the transition rocks, and 
: the hilly jungle tracts are covered with quartz 
uprts, reels pebbles and boulders derived from their 
outcrops. 

The reefs may be conveniently divided into three classes by their 
visible characteristics. 

Class 1.—Conspicuous reefs of compact, pure white, ‘hungry-look- 
ing’ quartz, which stand out boldly from the surface, and have a 
considerable influence in the shaping of the country, often occurring 
along the crests of hills. These seldom contain more than minute 
traces of gold, and may be neglected by the gold-seeker. 

Class 2.— Reefs of a foot or more in thickness, of ferruginous 
quartz, generally blue or grey incolour, The latter characteristic is 
probably quite accidental, but the presence of iron scattered through 
the quartz constitutes the chief difference from class 1. 

The presence of iron is a sure sign of the Jikelihood of gold, and 
most of these reefs are auriferous. 

The iron also affects the physical character of the reef. The 
films and tlreads of iron ore are quick to hydrate, and the soft 
mineral resulting is washed out of the crevices, leaving the reef 
honeycombed and quite unable to withstand weathering in the way 
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the compact ‘ hungry,’ quartz-reef does. As a matter of fact the reefs 
of class 2 seldom reach the surface intact, being disintegrated below; 
and in many cases this goes on to such an extent that for some feet 
below the surface, even of the country rock, the reef may be traced 
down as a band of rubble consisting of fragments of quartz set in red 
mud, washed in from above and augmented by the hydrated iron. 
When this occurs at the bottom of an old working, it is impossible to 
tell exactly where man’s work left off and nature’s began. 

.Class 3—‘ Leaders.’ This is a convenient term to denote thin 
strings and veins of quartz generally from half to three or four inches in 
thickness. The transition rocks of this areaare seamed by such leaders 
everywhere and in all directions.. The great majority of them 
resemble the reefs of class 2, being of blue, ferruginous quartz usually 
auriferous and often fairly rich in gold. 

Reefs are found cutting the rocks in all directions, but as they 
were originally deposited in fissures along a line of wealiness it is 
natural to find that they shew a decided preference to follow a joint 
plane, and still more often the plane of bedding f Ae 

Mr. Smith’s report contains also some interesting ba on the 
traces of gold contained tm the alluvial deposits and in the débris at 
the foot of hills, which are frequently worked by the native race of 
gold-washers, but it is quite evident that these gold sources have no 
practical importance for the scientific miner, beyond guiding him in 
some instances in his prospecting operations. 

More important are the so-called old workings, which abound in 
Chota Nagpore and which are well known to the 
natives,—Kols or Mundas—who do not seem 
to possess any very well defined traditions about the origin of these 
old “mines.” Mr. Smith has carefully examined a large number of 
these old workings situated in the districts named above. To do so 


Old workings. 


they had to be completely “‘un-bottomed”’ in every single instance, as _ 


no indications are shown at the surface of the purpose for which the 
workings had been undertaken. I have myself seen the ancient 
workings in Rhodesia, South Africa, and can state with certainty that 


the latter differ in most instances much from these Chota Nagpore- 


workings, although geologically there is a close resemblance in the 
geology and even the character of the reefs found in both areas. The 
Chota Nagpore workings differ also, as far as examined, from the 
numerous old workings in Mysore, which latter seem to show the 
possession by the ancient miners of greater skill and mining system. 
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Every indication seems to point out that the Chota Nagpore workings, 
as far as examined, are nothing more than old prospecting shafts and 
trenches, and in most cases appear to have been planned by unskil- 
led. men, and must have been abandoned by them without having led 
-to the discovery of paying reefs, in the same manner as was done by 
so-called experts during the late gold “boom”’ in 1889 and 1890. 
Whether any of the many hundreds of these old workings will actually 
be found to be the remains of ancient gold mines, only a long con- 
tinued and careful search will reveal. 

All that can now be said after Mr. Smith’s carefully conducted 
inquiry is that practically all the quartz reefs, together with the net- 
work of leaders which traverse the country, contain a certain 
amount of gold, the richest amongst them from three to four dwt., but 
then only in patches. If may be said that the average yield is not 
more than a dwt. per ton, which under the circumstances could never 
pay for regular mining operations. 

Only one of the smaller reefs, hardly to be called such, but rather 
a small irregular leader, gave encouraging 
results on assay, and in that locality an irregular 
vein of argentiferous galena contains also an appreciable amount 
of gold, but the vein nips out and has not been further traced. To 
test this more extensively, a closer study, 7.e., some development has to 
be done before a definite opinion can be pronounced. The assay of 
the galena alone, which consists of an irregular string of nests in the 
quartz, has yielded :— 
79°3 per cent. of lead. 

34 oz. 2 dwt. 17 grains’of silver to the ton of lead, and 
II oz. 2 dwt. 3 grains of gold to the ton of lead. 


Galena and gold. 


& 


This result seems to be exceedingly encouraging, but as only a 
_ small outcrop has been observed, it will require actual development to 
prove more than the existence of a patchy vein of galena. 


2.—Copper. 


Copper ores were known to exist near the south eastern boundary 

of the Darjiling district, and as they had at- 

tracted some attention, it was considered ex- 

pedient to despatch an officer to the spot for the 

purpose of obtaining a report en the same, Mr. Hayden was therefore 

deputed to examine this copper ore. The exaet focality is situated: 
B 


Darjjtine@ District. 
Mr. Hayden, 
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about four miles north of Sam Sing Tea Estate in the Jalpaiguri 
district, and it had not been reported on previously. 

The country rock consists of soft grey and green slate belonging to 
the Daling series, and is greatly crushed and contorted with a general 
strike of north-east to south-west ind usually a high dip to north-west. 
Small bodies of copper ore occur at various places in the slates and 
in quartzite bands associated with them and usually amount to little 
more than strings of aggregations of copper pyrites extending -for 
only a few inches in any direction, excepting at one place near the 
left side of the Mo Chu (Murti river), where the ore is in form of 
fairly large masses of chalcopyrite with some quartz in bands parallel 
to the bedding planes of the rock. 

The assay value of the ores varies a good deal and no reliable 
opinion could be given of the value of the locality, as it is scarcely at 
all developed, but it seems to be encouraging enough to have it 
developed with the view of ascertaining whether it could not be 
worked to advantage. A considerable sum of money will be required 
to develop it extensively enough to ascertain the extent and richness 
of the ore body, which seems irregular in character. 


3.—Coal. 


Government having sanctioned my proposal to frove the coal- 
seams of Palana inthe Bikanir State by borings, 
a contract was entered into with a private firm 
to undertake one diamond drill to a depth of 1,000 feet in order to as- 
certain whether there are other coal horizons besides the one already 
known. Mr. Stonier, the specialist of the department, was deputed 
to Palana to select the site which in all probability would offer the 
best chances for such a boring, and a tank capable of holding 10,0060 
gallons of water was also prepared, but it is very regrettable that after 
a delay extending to about eight months the contractors have failed to 
carry out the undertaking, the failure being due to their selection of 
unsuitable machinery for this special locality. As no other private 
contractors are available in India, the task of proving the coal bear- 
ing formation of Bikanir has had to be postponed until Government 
possesses its own boring plant. 

Mr. Stonier was deputed in December 1900 to join Mr. Weight- 
i man (the Engineer of the Jherria Connection- 
Survey) at Katras. The objects of the Railway 
Survey were two-fold— 


BIKANIR. 


JHERRIA.. 
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(1) To determine the best route for a connection bétween the 
alignments already selected for the Gya Katrasgarh (East Indian 
Railway) and the Midnapur-Boojoodih (Bengal-Nagpur Railway) 
Railways, to serve as a main line of communication between 
Mogulserai and Khargpur. 

(2) In connection with 1, to consider how branches and sidings 
can best be laid off this main line, so as to enable the Jherria coal- 
field to be opened up in such a way that both the East Indian and 
the Bengal-Nagpur Railways may have equal or reciprocal facilities 
for dealing with the traffic and may share equally in its expansion, at 
the same time keeping in view the future development of the coval- 
field, and the desirability of affording to all colliery proprietors the 
option of sending their coal by whichever route they may prefer. 

After the survey had been in progress for a couple of months aad 
a rough scheme had been decided upon, it became evident that a 
mining and geological expert’s advice was necessary before the align- 
ment of the colliery line could be fixed. It was expected that a 
month spent on the field would amply suffice for the collection of 
geological and mining information required for the purposes of tne 
railway surveye It soon became evident, however, (1) that mining 
operations were confined to a small area, (2) that very little was 
known about the remainder of the field. At first the chief object was 
the mapping of the upper seams, but as the work progressed it became 
necessary to examine the lower seams, and finally the survey of a 
small area was extended until it embraced the whole field. Jherria 
was geologically surveyed by Mr. T. H. Hughes in 1865 (vde 
Mem. Geol. Surv. Ind., Vol. V, Part 3), and in 1891 Mr. T. H. Ward 
(Assistant Manager, E. I. Ry. Collieries) numbered and traced out 
the seams (Rec. Geol. Surv. Ind., Vol. XXV, Part 2, 1891). 

The coal measures occur as an outlier of Gondwana beds sure 
rounded by metamorphic rocks, the boundary in most cases (accord- 
ing to Messrs Ward and Stonier) being a well marked fault. The 
area is roughly lozenge-shaped with pointed ends, and has a major 
axis, W.N. W. 27 miles long and minor axis 9$ miles long. 

The rocks in descending order are :— 

(1) Raniganj system. 

(2) Ironstone shales. 

(3) Barakar system — 
(a) Damuda series. 
(2) Talchir series. 
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(1) The Raniganj beds occupy an area in the south-western por- 
tion of the field, and have recently been proved to contain two work- 
able seams of coal, near the base of the system. The seams are not 
worked on account of the want of the railway communication. It is 
specially interesting to note this new development in Jherria. Not- 
withstanding the fact that in the adjoining (Raniganj) coalfield, the 
Raniganj measures contain the chief seams, an impression had been 
formed that in Jherria these upper measures did not contain workable 
coal and the system had been neglected by speculators who confined 
their attention to the seams in the vicinity of the railway, which was 
constructed shortly after Mr. Ward’s survey. 

(2) The Ironstone shales are conformable to the overlying and 
underlying systems, but the upper and lower boundaries are not well 
defined as in the case of the Raniganj field. An east and west fault 
limits the outcrop in the western area, but it spreads out easterly and 
occupies a fan-shaped area in the southewestern portion of the field. 
The system does not contain, but it overlies thick coal seams. 

(3) The Barakar system is divisible into two series of which the 
Talchirs are unimportant from a mining standpoint. The upper series’ 
has at least 18 seams (No. 18 was discovered during the progress of 
Mr. Stonier’s survey) which vary from 5 to 30 feet in thickness and 
have been numbered in ascending order. At both ends of the field 
the dip is high, but over a large area the seams are well situated for 
easy and cheap working, though in a number of places they are dis- 
located by strike faults and penetrated by dykes. The strike faults 
are numerous and their baneful influence on the value of properties is 
only beginning to be realized. The dykes are of two kinds, (a) mica- 
peridotite, (6) dolerite, The latter are generally unimportant, but 
the former have been particularly destructive, for they not only cut 
through the seams, but in many places pass in loccolitic form along the 
coal rendering it absolutely valueless for the present market. A num- 
ber of the workable seams are being actively mined, but operations 
are chiefly confined at present to the winning of coal near the outcrop 
in the area which lies to the east and south-east of the Khoda river 
(see Ward’s map). The workings are chiefly on seams Nos. 10 to 17 
and occupy a narrow strip in the form of an arc of a circle, chiefly to 
the south of the existing East: Indian Railway branch line. The 
deepest shaft is 320 feet in depth. 

The seams below 10 are worked in some parts of the field, but they 
are not as important as the seams above 10. 
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At the extreme south-eastern area seams Nos. 13 and 17 are being 
mined. The former dips at an angle of 28° and the latter at 48°. 

In the area west of the Khoda river there is little known about 
the seams: several of the mouzahs are being prospected by tunnels 
and deep bores. The general opinion held has been that this end of 
the field is of little value, but the opinion is based on a small amount 
of information and at present is not justified. The quality of coal 
very recently found compares favourably with the average of Jherria 
coal. 

The main line and two colliery lines were pegged out by the 
Railway Survey party, one running near the outcrop of No, 17 and the 
other above the outcrop of No. 16 seam. At the conclusion of the field 
work the East Indian Railway suggested a main line running through 
the coal-field. A report was written by Mr. Stonier and forms Appen- 
dix C, to Mr. Weightman’s report, which was furnished to the Govern- 
ment of India. The whole question was considered by a Conference 
at Simla in July 1901 at. which Mr. Stonier was present and gave 
geological evidence. The report of the Committee which sat at the. 
conclusion of the Conference has been published by the Government 
of India who adopted most of Mr. Weightman’s suggestions. 

The extension of the Burma State Railway from Mandalay to 

Lashio rendered it desirable to develop the Seth. 
ic close oe fields of Lashio, concerning which Dr. F. Noet- 
ling had furnished a report some years ago. Mr, 
La Touche being already engaged on survey work in the northern 
Shan States, he was deputed to undertake the preliminary inquiries 
and he is now engaged on that work. Concerning the coal seams he - 
reports as follows :— 

“The Lashio coal-field is situated in the valley of the Namyao 
river about five miles to the north of Lashio in Lat. 23° 0”, Long. 97° 
50’. The tertiary beds, in which the coal occurs, extend over an area 
of at least ten miles in length from east to west and two to three 
miles in breadth, They consist of soft sandstones and sandy clays, 
without any bands of hard rock, in fact, the hardest rock in the whole 
series, as seen in the outcrops, is the coal itself. The coal is confined 
to the lowest beds of the series, and the only outcrops found are 
situated along the western and southern edge of the basin. To the 
north and east the coal-bearing beds are overlaid by higher beds 
of the series, and do not appear anywhere at the surface. It js 
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impossible to say, without boring, how far the coal extends in that 
direction, and I have therefore marked sites for borings and arranged’ 
with the Engineer-in-Chief of the Mandalay-Kunlon Railway to have 
them put down as soon as the necessary tools can be procured. The 
coal as seen in the outcrops, all of which] have had excavated in order 
that the thickness might be measured, is very variable in thickness, 
and it is not at all certain that it forms a continuousseam. The thick- 
ness varies from 30 feet in the most westerly outcrop, to four feet six 
inches. No estimate of the total amount of coal available is therefore 
possible until the continuity of the seams and their extension north- 
wards is proved by borings. Samples of the coal have been taken 
and will be submitted to analysis. The coal is always found below the 
natural water level of the country, and is therefore saturated with mois- 
ture, and although it can be obtained in large masses it has a tendency - 
to split into small fragments on drying. ‘The rcofand floor of the coal 
is invariably bad, consisting of soft sand or sandy clay, and unless a 
considerable portion of the coal itself is left as a roof to the workings, 
much timbering will be necessary. A very considerable water dis- . 
charge will also have to be contended with.” 
Mr. Hayden was depnted to Assam to examine the coal seams 
which occur in the Nambor forest on the eastern 
Mr thaden, flank of the Mikir hills, situated near the Assam- 
Bengal Railway line. The coal occurs chiefly 
in two localities, about eight miles west of Borpathar, and in each case 
the outcrop is seen only in the river bed. The seams lie almost 
horizontally, striking north-north-east—south-south-west ; the coal 
appears to be dirty and of very inferior quality. The samples are being 
assayed in the laboratory of the department. 
Coal is occasionally developed in the marginal sandstones of the 
Assam, Suutonc » Cretaceous system in the Jaintia hills well within 
PLATEAU. the Shillong plateau. Mr. Bose found two note- 
ee OP worthy occurrences of such coal, one at Wapung 
(seven miles east of Jowai), and the other at Lenkensmit (Dongchalaon 
_map), six miles south of Wapung. It is an excellent caking coal. 
~The seams nowhere exceed five feet or so, and they are, like the 
nummulitic coal of the area, very variable in thickness. From the 
_exposures observed at both the places, there is a probability of a 
workable extent of the coal. It will probably, however, have to remain 
untouched for a long time, as the cost of its transport to the plains of 
Sylhet and Cachar would be quite prohibitive, 
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in the area under description workable coal of nummulitic age 
7, occurs at Umlotodo (Lakadong) and at Narpo 
MTU AEE HLL) vo G aed Lakadong coal (which occurs in a. band of 
JAINTIA HILLs. i : 
sandstones intervening between two bands of 
nummulitic limestone) has long been well known and was. reported 
upon by Dr. T. Oldham in one of the earliest memoirs of the Survey 
(“ Memoirs,” Vol. I), It was worked to some extent about 4o years 
ago, chiefly by adits driven from the steep faces of deep glens where 
the coal is exposed, and to a small extent by shallow pits. The old 
workings have been closed since the earthquake of 1897. 


4.—Miscellaneous Minerals. 


During his geological surveys in the Jaintia hills Mr. Bose dis- 

covered two unpromising oil springs.) The local- 

ent ity is about eight miles east of Mulagul (Lat. 25° 

ose 3’, Long. 92° 29’) close to the eastern feeder of the 

Dona river. The oil oozes out slowly from greenish grey fine-grained 

upper tertiary sandstone, similar to the springs in the Khasimara 
valley, which were reported on last year. 

One of the first tasks which Mr. Holland undertook during the 

progress of the Kangra survey consisted in an 
8 peat ; examination of the slate quarries of Kanydra 
* on which he has furnished a report, now about 

to appear in Memoirs, Vol. XXXIV, Part 3. 
The Sambhar lake in Rajputana, one of the most important sources 
of the Indian salt supply, has been observed to 
idee furnish diminished quantities of this mineral 
eM agains during the last year, and Dr. Noetling was there- 
fore deputed to specially report on the locality. That officer’s 
selection was in part due to the fact that he has already obtained 
experience in matters connected with salt. owing to his having made 
a close study of the bitter lakes of Palestine, on which he has published 

a report. 

After a careful examination of the geological features, Dr. Noetling 
found that the lake is an entirely closed basin surrounded on all sides 
by the Aravali series. This basin of unknown depth is filled up by 
horizontally bedded, alluvial strata consisting mostly of fine micaceous 
silt, containing a few beds of hard calcareous strata, locally called 
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kankar. In several instances it was observed that the alluvial strata 
rest directly on the Aravali series, and Dr. Noetling concludes there« 
fore that no other beds of either mesozoic or tertiary age exist inside 
this basin, but that the bottom of the lake is formed by the Aravali 
series unconformably overlaid by the alluvial silt. : 
The silt is percolated by a strong brine which rises up to a certain, 
for the present unknown, level in the centre of the lake and from 


there radiates towards the shore. The observed fact that in all the 


wells along the periphery of the lake the brine radiates from the centre 
is a distinct proof that it must rise from wells in the lake itself, and 
Dr. Noetling opines that it probably rises under considerable hydrosta- 
tic pressure along a fault in the Aravali series which is superficially 
hidden by the silt. This brine must be considered as the original 
source of the salt. 

When there is a good rainfall, the shallow depression on the sur- | 
face of the alluvial silt is filled up by a sheet of sweet water of shallow 
depth ; this water takes up the easily soluble sodium chloride from the 
underlying silt, which it leaches, so to speak, of its saline contents. 
When the water resting on the silt is agitated by the wind, the more 
concentrated parts at the bottom are replaced by water less saturated 
with salt and thus gradually a very pure brine, which chiefly contains — 
sodium chloride, is formed on the top of the silt. By evaporation 
this brine is more and more concentrated and eventually used for the 
manufacture of Kyar salt. As the manufacture of Kyar salt is solely 
dependent on the secondary brine, it is obvious that in years of scanty 
rainfall, when the lake is not sufficiently filled, the production must 
fall off, as there is not enough water for the production of the secon- 
dary brine. It is further obvious that when there is again a succession 
of good monsoons, when the lake will be filled to the required depth, 
the production of salt will rise to its former height. 

So far no apprehension should be felt as to probable exhaustion of 
the lake unless it could be proved that the supply of the primary brine 
rising within the lake is failing. There are absolutely no observations 
with regard to this; it is not known whether, for instance, the 
level of the primary brine has been influenced by the years of 
scanty rainfall. Dr. Noetling thinks it has not, or at leasi not 
materially, because the pits (khals) from which the primary brine 
is baled out for the manufacture of pan salt are all situated almost 
along the shores of the lake. If the level of the brine had fallen to 
some extent, the edge of the brine would have receded towards the 
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centre, and instead of remaining as they are close to the shore, the pits 
would kave had to be dug further away from it, towards the interior of 
the lake. 

In years of insufficient rainfall, when there is not enough water 
to fillthe Kyars, the production of salt would, therefore, chiefly be de- 
pendent on its extraction from the primary brine, and unless it could 
be proved that the supply of this primary brine is failing, there is 
no reason to assume that the Sambhar lake has to be abandoned as a 
source of salt. 


5.—Landslips. 


Early in March Mr. Hayden was deputed to Cachar to report on 
the geological features of the Hill Section of the 

Bbee DEN GAL RAIL- Assam-Bengal Railway. He found the local 
Mr. ae rocks to consist of blue and carbonaceous shales 

of upper tertiary age, containing some gypsum 

and other soluble sulphates with considerable quantities of fao/inite. 
His analyses of the shale and its component minerals are not yet 
completed, but he reports that the results so far obtained point to the 
fact that the movements which have taken place in the cuttings and 
tunnels are due in part to the presence of the above minerals. The 
cuttings, however, frequently pass through old landslip material, the 
removal of a part of which has resulted in a renewal of movement 
throughout the mass, and until equilibrium has been restored, this 
movement must continue. He recommends that certain precautions 
be taken to prevent, as far as possible, serious slips, chief among these 
being extensive and appropriate drainage. When the analyses of the 


specimens: collected have been completed, a full report will be sub- 
mitted, 


B.—GEOLOGICAL SURVEYS. 


1.—Madras Presidency, 


Mr. Middlemiss returned late in December from furlough and was 
posted to the Vizagapatam hill tract; he has 
Nac geE Ane HILL sent in a short summary and reports as fol- 


Mr. Middlemiss. lows :— ‘ ; 
“ | arrived in camp on the oth January, so that 


the present account is the result of only about 24 months’ work, of 
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which the earlier weeks were spent in familiarising myself with the 
rock groups treated of by my predecessors Dr. Walker and Mr. Smith. 
The work done is a continuation of theirs in every respect, and 
introduces little of any novelty. 

I entered these so-called Agency Tracts véa the Minamalur ghat in 
the Madgole zemindari, and have endeavoured to traverse and par- 
tially map in detail the country above the ghats lying between a line 
drawn north-west across the hills from the Minamalur ghat and the 
parts surveyed by Walker. This was chiefly in the Jeypore State, and 
includes the north eastern part of Atlas sheet 93 (S.E.} and the parts 
above the ghats in Atlas sheet 108. The whole area is a portion 
of the 3,000-feet plateau which here and there bears peaks rising 
to 4,c00 and even 5,000 feet. It is generally forest-covered and 
sparsely dotted with villages along the flat rice-growing alluvial 
valleys. 

The great series of transition metamorphic rocks, concisely des- 
cribed under the heading of ‘ Crystalline Schists ’ 
by Smith (General Report, G. S. L, 1899-1900, 
pages 154-157), and as the ‘ Khondalite Schists’ by Walker (Memoir 
on the Geology of the Kalahandi State, Central Provinces, Mem. Vol. 
XXXIII, Pt. 3, in the press), are continued southwards, as was to be 
expected, into the area mapped by me thisyear. But in this area they 
present the fuller facies as described by Smith, including considerable 
beds of ferruginous schists, containing much haematite and limonite 
and bands of garnet magnetite rock, besides crystalline limestone, 
etc., and the typical quartz-garnet-sillimanite rock which is everywhere 
extremely well developed. Although Walker has not mentioned these 
highly ferruginous varieties of the transition schists, it seems proba- 
ble that they are not entirely absent in the area mapped by him, as 
I have traced them up to and even into that area. ‘They are well seen 
round about Dasmatpur for instance [Atlas sheet 108 (N.)] and are - 
locally used for making iron. 

The conjunction of iron-bearing beds with crystalline marble (some- 
times, as mentioned by Smith and Walker, containing scapolite and 
diopside) and with quartz-garnet-sillimanite rock (typical Khondalite 
of Walker) reminds me of the somewhat similar association of rock 
types at Madukarai near Coimbatore, at Uttukuli and Viziamangalam, 
at Satyamangalam, and at other scattered localities in the Coimbatore 
district. . 


Transitions. 
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The great Gneissic series which underlies the transitions includes, 
as far as I have seen, most if not all the rocks 
variously grouped as ‘garnetiferous  biotite- 
granite and granulite,’ and ‘hypersthene-granulite’ by Smith in 
Ganjam, and as ‘granitoid gneiss’ and ‘charnockite’ by Walker in 
the neighbouring area of Kalahandi State. It is too early yet to state 
any positive conclusions, but it seems extremely likely that the char- 
nockite series, though keeping a marked individuality over great areas, 
does elsewhere show strange varieties and modifications with apparent 
passages into more acid biotite-bearing gneisses, as both Smith and 
Walker have testified (General Report, G. S. I., 1899-1900, pages 
158 and 170), and as | have elsewhere described in the Salem district. 

Lateritic plateaux at about 4,000 feet are commonly met with 
from Nelam hill near Wondragedda up to the 
hills round Girliguma. In all cases which I have 
examined my observations confirm those of Smith in Ganjam that they 
are confined to areas of the transition schists, the laterite being 
directly derived from them by decomposition and concentration of 
the iron. This seems such a natural and normal result, when the 
highly ferruginous nature of part of the transitions is taken into 
consideration, that, in contemplating these striking horizontal plateaux 
running far round the horizon as they frequently do, the puzzle is not 
to account for the laterite, but to account for that which it has pre- 
served under its iron-bound cap,.namely, the truncation of those hills 
to about the 4,o00-feet level. For, as far as my observations go 
here, the lateritic plateaux are not horizontal deposits fringing and 
burying what were once pointed peaks or irregular hills, but a genuine 
layer disposed above previously truncated hills.” 


Gneissic Series. 


Laterite. 


2.—Burma. 


The geological surveys undertaken during the season 1900-1901 


NOETHERN SHAN and reported on in last year’s General Report 
STATES. left so many points in Burman geology unex- 
vo Tr. D. EnTonche: plained, and others on which the several observers 

; v. . -LVatia. . . ° ° . ° 
The Director. differed considerably in their respective views, 


Bis ES es that it appeared necessary to revise some por- 


tions of this survey. A systematic geological survey, as conducted in 
other parts of the Indian Empire, is quite impossible in Burma owing 
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to the immense development of dense undergrowth in the vast forests 
which cover the greater portion of the country, and to this difficulty 
must be added the great thickness of superficial deposits, mostly of a 
lateritic nature, which cover all formations alike, and obscures in most 
places the geological structure entirely. 

Accompanied by Dr. Noetling I visited certain parts of the north- 
ern Shan States during last cold weather to inspect sections regarding 
which there were some doubts as to the age of their component beds. 
The chief sections were those of Kyauk-Kyan, Bawgyo (Kyinsi), ° 
Napeng and Gokteik. After this inspection, Mr. LaTouche had to 
take up the examination of the Lashio coal-field, but before doing 
so, he devoted some time to further researches 
near Wetwin and Padaukpin with the result of 
obtaining from these localities a fine collection of middle devonian 
fossils. 

Mr. LaTouche also succeeded in clearing up some doubts with 
regard to the presence or otherwise of a boundary fault at Kyauk- 
Kyan, between beds which had last year been 
looked upon as mesozoic, and the devonian lime- 
stone. These supposed mesozoic shales are undoubtedly devonian as 
their fossil contents {amongst which is a Conocardium) clearly show. 
The fault, however, does exist, having been proved by Mr. LaTouche 
by excavating the contact zone. It appears, probably, that the shales. 
are intercalated between the limestone beds, which as may be seen at 
the Gokteik gorge form a wavy plateau, much shattered by local 
faults, and in a lesser degree, by extensive jointing. 

The joint visits of myself, with the Palzontologist, Messrs. 
LaTouche and Datta have satisfactorily established that the Napeng 
beds, which had been looked upon by Mr. Datta as mesozoic, together 
with the Kyinsi.beds are approximately both of the same horizon) 
containing absolutely an identical fauna, amongst which a Conocardium 
is always met with, and they are also identical with the Kyauk-Kyan 
beds, the whole, therefore, forming part of a vast complex of devonian 
beds which seem to form the greater portion of the Shan plateau in 
those parts. Whether the so-called Gokteik beds belong to the same 
horizon may with considerable certainty be inferred, but the fossils 
are too poorly preserved and moreover are, so far as has been estab- 
lished, not very characteristic. It is pretty certain, however, that so 
far nothing has been seen of beds which fill in the gap. between the 
devonian and the mesozoic systems. The trias which was inferred last 


Wetwin devonian. 


Kyauk-Kyan fault. 
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year (see General Report, 1g00-1901, page 19) from some fossils which 
had been wrongly determined, does not exist. These supposed beds 
contain devonian fossils and that has been established now beyond | 
a doubt. Certain red shales (with limestones and sandstones) formerly 
doubtfully supposed to be jurassic, which are considerably developed 
west of Thebaw (near Namhsim and neighbourhood) have now been 
demonstrated to be mesozoic, probably either upper jurassic or lower 
cretaceous. Mr. LaTouche has found numerous well-preserved dra- 
chiopods in limestone beds of this formation near SeEng in the 
Namyao valley, and recently Mr. Datta has discovered Trigoniz 
in what appear to be the same beds near Hson-oi. 

Roughly speaking, therefore, the centre of the Shan plateau con- 
sists of palzozoic strata; the bent and much shattered western 
margin of this plateau being chiefly made up of silurian strata followed 
eastwards by a devonian sequence, abundantly proved by fossils, and 
this complex of beds is overlaid in some manner not quite clearly 
established, by mesozoic (jurassic or lower cretaceous) beds near 
Bawgyo, west of Thebaw. Whether the lower mesozoic beds withthe 
trias are developed in that region has not been demonstrated yet, but 
it seems doubtful whether such do exist. 


3.—Assam. 


A considerable amount of surveys were added to those completed 

eal ies by Mr. Bose during the last year; the follow- 

Mr. P.N. Bose. ing notes were taken from his preliminary 
report. 

The area surveyed during last season is chiefly comprised between 
the Mangat and the Lubah rivers. The physical aspect of the eastern 
portion of the country presents a striking contrast to that of the 
western. Between the Mangat and the Mantedu (called Harry below 
Barghat) the undulating, gently-sloping Shillong-Jowai plateau drops 
suddenly from an elevation of about 1,400 feet to the Sylhet plains, 
the line of steep declivity corresponding roughly with that of the sharp 
faulted flexure which the rocks constituting the plateau have suffered 
at its edge. But east of the Mantedu-Harry river, the plateau toa 
great extent loses its distinctive character running into bold, scraggy 
spurs which merge on the border of the Sylhet and Cachar plains into 
a wild, jungle-clad tract of low hills. 
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The spurs and hillocks just mentioned are formed of upper tere 
tiaries which attain enormous development in the 
area north-east of Jaintiapur. Their thickness in 
the Lubah valley cannot be less than 9,000 feet. They apparently 
rest upon the nummulitic limestone presently to be described, with 
perfect conformability, and are lithologically divisible into two sub- 
divisions of which the lower consists of rather fine-grained, compact 
greyish and greenish-grey sandstones with interstratified shales. The 
upper division (well seen in the vicinity of Jaintiapur, Nichinpur, and 
Mulagul along the northern boundary of the Sylhet district) indicates 
shallow-water conditions, and is composed of false-bedded soft, greyish- 
white, rather massive and indistinctly bedded grits and coarse sand" 
stones with subordinate darkish clays which often affect a nodular 
structure. In the sandstones by the Harry river below Nichinpur 
curious pockets (due probably to contemporaneous erosion) were 
noticed which are filled up with the clay just mentioned and with fine- 
-grained compact sandstone. 

Both these divisions are highly disturbed, but the disturbance is 
best seen in the lower of which good sections are exposed by the 
Nowagong, the Harry, and the Lubah rivers. The dip is seldom less, 
than 35° and occasionally borders upon the vertical, and the strata are 
sometimes found to be folded. The dominant strike is E.N.E.-W.S.W. 
and the prevailing dip S.S.E. 

The nummulitic limestone is absent at Sokha and Lamin near the 

. Mangat, but is fairly well developed at Nongta- 
Lower tertiaries,num- Jang (three miles east of Sokha). From the 
plateau it was traced eastwards through Umlotode 
(Lakadong) to Narpo; and northward, in attenuated and interrupted 
development to near Pombadong (five miles north of Nongtalang) and 
to Umlawang (12 miles north of Narpo). As usual, its presence, 
where it occurs in any force, is marked by ‘‘ Swallow holes ” of various 
descriptions from small circular holes to enormous deep, thickly 
wooded chasms and glens which are mostly drained underground. 
At the foot of the plateau it is absent from Dowki on the Mangat, 
to Laikro (three miles north-east of Jaintiapur) having in all proba- 
bility been denuded away. It, however, appears in great strength in 
the Harry valley at Barghat and Kharkhana, and continues eastward to 
the Lubah valley, where it swells and widens out considerably, and is 
superbly exposed, the weathered surface being generally thickly stud- 
ded with fossils. . 


Upper tertiaries. 
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_ There are two distinct bands of limestone at Umlotodo aggregating 
some 250 feet in thickness, interposed between which occur some 
coarsish sandstones with carbonaceous layets. 

Sandstones referable to this system (internally greyish white and 
externally brownish and ferruginous) with shale 
intercalations in which carbonaceous layers are 
occasionally met with, have a very wide expansion east of the 
Mangat forming an extensive upland with rounded billowy undula- 
tions. They have usually a very coarse conglomerate at the base in 
which pebbles, mostly sub-angular and seldom well-rounded, are 
thickly and confusedly embedded. 


Cretaceous rocks. 


This sandstone formation contains fossils consisting of echinoids 
and bivalves in some profusion anda sprinkling of gastropods and 
cephalopods were collected from them at Sokha and Lamin. Among 
the bivalves a species of Ostrea (Alectryonia) is the most 
prominent, having been met with in some abundance throughout the 
area. The lower series consists mainly of massive, coarse-grained, 
thick-bedded sandstones which are usually conglomeratic towards the 
base, the pebbles in the conglomerate being generally well-rounded 
and arranged in parallel layers. Fossils are very scarce, and, when 
found, occur towards the top just below the upper series. Thin films 
of coal are occasionally found in them; and at one place (in the ravines 
south of Lamin) nests and strings of fossilised resin were encountered. 

The cretaceous strata rest with well-marked unconformity upon a 
much eroded surface of the older rocks. ; 

The Shillong series, which in the vicinity of Shillong consists 

chiefly of quartzites and quartzitic sandstones, 

a ibe SEs sheer ay passes into micaceous schists with occasional 

bands of well foliated gneiss when traced south- 
eastward to the Mangat valley; and this enhanced metamorphism 
is accompanied by increased disturbance. 


Intrusions of coarsely crystalline massive granite with conspicuous 
well developed felspar were noticed in the 
Shillong series at several localities, as in the 
Mangat between Pompsao and _ Simunting, 
near Doarblai, etc. There is also a magnificent display of it in the 
Mangat valley at and above Darrang, as well as in the valley of the 
Rangapani between Nongtalang and Sawasdia. Further eastward, 
however, it is entirely missed. In the gorge of the Mantedu above 


Intrusive rocks. 
Granite, 
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Barghat there occurs granite, but it is highly quartzose, fine-grained, 
and occasionally gneissose. 

Dioritic intrusions occur in some strength in the Shillong series in 
the vicinity of Smit at the northern boundary of 
the Lailangkot-Nongkram patch of granite, and 


Dioritic rocks. 


also near Doarblai. 


4.—Punjab. 


In the hills west of Dera Ghazi Khan the succession of rocks was 
Din Garin he found to be that described by Dr. Blanford, no 
HILLS. additions of any importance having been made. 
MGS AE Lak As. a result of more extended surveys it has, 
however, been possible to determine the horizon of the quartzites and 
limestone classed by him as cretaceous, The massive white quartzites 
when traced northwards are found to be the same as those forming the 
southern end of the scarp of quartzites in which the petroleum of the 
Sherani hills occurs. In the Sherani country Mr. La Touche found 
the belemnite shales underlying these quartzites and in the country 
surveyed by Mr. Oldham they are everywhere separated from the lower 
nummulitic shales by a band of pseudo conglomeratic limestone, which 
he regards as a crush conglomerate precisely similar to that which is 
found at the top of the Dunghan stage in the Mari hills of Baluchistan. 
These two horizons show that the quartzites of the hills west of Dera 
Ghazi Khan ‘must be regarded as the equivalent of the Dunghan stage 
in Baluchistan, that is to say as bridging over the. interval between 
upper cretaceous and lower eocene. i 
When passing through Dera Ghazi Khan Mr. Oldham took the 
opportunity of examining the records of the ero- 
Padus rinet gar Pere sion of the Indus river-at that place and is prepar- 
ing a memoir on the subject which will be of 
considerable interest from a geological point of view, though no longer 
of any direct practical applicability to the protection of the city from 
the Indus. He finds in the annual river surveys and records of erosion 
that the river has behaved as it should have been expected to from 
certain little known principles first established in 1858 by the French 
engineer Dausse, which does notappear tohave been known to the 
engineers in charge of the protective works. If the embankments 
built to prevent the escape of flood waters over the river banks are 


a 
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maintained through the next flood season, it is probable that the river 
will leave Dera Ghazi Khan itself, but that the danger of its breaking 


away through the low ground to the west and devastating the district 
will be increased. 


5,—Himalayan Ranges, 


During the hot weather recess season, May to Octcber 1gos, Mi. 
Parts of the Kancra 1+ H. Holland was deputed to the outer Hima- 
Vattey and Lanout. —Jayan ranges of the Kangra valley and Lahoul to 
Mr. T.H, Holiand. Giltantoatsrin ae Ritacs 

gap our geological maps o se parts. 
At the conclusion of the season Mr. Holland proceeded on a year’s fur- 
lough, and as he has not yet been able to compile the results of his 
work, it would be premature to give extracts from his monthly diaries, 
He has, however, sent in a short report on the Kangra slate quarries 
which is being published, see page 19. 

Mr. Hayden proceeded to Spiti early in June Igor in order to 
complete the survey of that area, which had 
been interrupted since 1899, and he has now 
brought up the task to a certain degree of 
completeness. This will form the subject of a memoir now being 
prepared by Mr. Hayden in which he was to have been assisted by the 
late Dr. von Krafft, who had accompanied him to Spiti in 1899 and 
had worked out the mesozoic rocks in considerable detail, but whose 
sad death in the autumn of last year has deprived us of much of the 
fruit of his valuable and conscientious work. 

During the past season Mr. Hayden devoted most of his time to 
working out the palzozoic rocks of Spiti and Kanaur. 

Further collections which were made from the silurian beds under- 
lying the white (Muth) quartzite, have added considerably to our 
knowledge of the extent cf this system, which appears to embrace the 
whole of the series found in Spiti betweemthe base of the red quartz- 
ite and the base of the white (Muth) quartzite, specimens of Penéa- 
merus oblongus, Sow., having been found in the silicious limestone 
immediately underlying the latter bed. 

In Kanaur the system of limestone, shale and quartzite, so well ex- 
posed between the Lipakaw and Yulang rivers, was examined in greater 
detail than had hitherto been possible and large collections of fossils 

‘ Cc 


SpiTt. 
Mr. H. H. Hayden, 
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were made. These have been partly worked out, and have been found 
to include numerous widely distributed carboniferous types, such as 
Syringothyris cusptdata, Mart., Athyris roysti, Leo., Strophomena 
analoga, Phill., Athyrts subtilita, Hall, Rhynchonella pleurodon, vate 
davrenxtana, Kon., Reticularia lineata, Mart., Productus semtreticu- 
latus, Mart., Productus cora, d’Orb., Chonetes hardrensts, Phill, and 
many other forms. 

Further collections were also made from the permian beds near 
Po, in Spiti, but these have not yet been worked out. While in Spiti, 
Mr. Hayden’s attention was drawn by the Jate Dr. von Krafft to the 
fact that the triassic horizon of Rhynchonella griesbacht, Bittner, had _ 
not been identified in Spiti, though large collections had been made 
from it in the eastern Himalayas. A careful search proved that the 
species occurs also ‘in Spiti, but fossils are extremely rare; several 
specimens, however, of 4d. griesbacht were obtained. This horizon 
had hithertobeen looked upon as the base of the muschelkalk, but 
Mr. Hayden has now found both in and above it ammonites of lower 
triassic age, and this view must therefore be modified. 

During the search for the horizon of Rhynchonella grtesbacht, a 
bed was found some few feet lower down containing numerous speci- 
mens of Pseudomonctis himaica, Bittner. The relative positions of 
these two horizons had not hitherto been known with any certainty, 
but these have now been definitely ascertained. 


6.—Baluchistan, 


Mr, Vredenburg remaired in Baluchistan up to the end of Septem- 
ber 1go0t, after which he returned to Calcutta 
to classify his extensive collections of rocks, 
minerals and fossils, the result of nearly a whole year’s field-work. 

A short notice appeared in the last ‘General Report” dealing 
with the work performed in the Nushki desert up to March 1901. 
April and May were spent in mapping the tertiary igneous intrusions 
of the Khwaja-Amran, mostly granites and diorites. The rest of 
the season was occupied in the detailed mapping of the upper Zhoo 
and some adjoining areas of the Pishin district, thus filling up the 
largest gap that still remained in the geological map of eastern Balu- 
chistan, as many parts of that area were either completely unknown 
or had been visited only during rapid traverses. Last year’s survey 


Mr. E. Vredenburg. 
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has yielded some very interesting results, foremost amongst which 
may be mentioned the delineation of a large outcrop of upper trias. 
The rocks of that age consist of a system of shales converted by 
cleavage into slates, interbedded with narrow bands of a dark, nearly 
black limestone. Their outcrop, which is considerable, occupies the 
southern side of the upper Zhob valley. Owing to some lithological 
resemblance, they were formerly regarded as identical with the Kojak 
shaies which occupy the Toba highland and its eastern continuation 
north of the Zhob, although Mr. Oldham, in the second edition of the 
Manual, had already expressed doubts as to the correctness of grouping 
together the rocks on either side of the Zhob valley. I myself, when 
surveying in Baluchistan in 1893, found numerous species of Monotzs 
sp. and an ammonite, described: by von Mojsisovics as Didymttes 
afghantcus in the Palzontologia Indica, and this proved that Baluchis- 
tan contained horizons of the upper trias. It was not practicable 
to trace the origin of those fossils at that time, and I had to_ 
regard them as perhaps mere “blocs exotigues” caught up in a 
complex of later age. The work done by Mr. Vredenburg last year 
has established beyond the possibility of a doubt that the fossils 
were derived from the shales themselves. These fossils are scanty 
and poorly preserved, but widely distributed, and have been found 
in sttu in every possible situation throughout the outcrop which 
is at least 50 miles long and in some places 12 miles broad. There 
must be a considerable thickness of these shales, but, as the com- 
monest fossil is everywhere the same one, it is probable that we are 
in presence of a single stage of the trias, powerfully developed, and 
repeated many times by folding. The closely folded and crushed 
state of the rocks probably accounts largely for the scarcity of fossils. 

Side by side with the MWonotis bearing slates, there are some very 
limited outcrops of fwsu/ina limestone of carboniferous or permian 
age which I had already noticed in 1893. The lithological sameness 
and great amount of disturbance conceal the nature of the contact, 
which is perhaps a faulted one. 

Great basic and frequently serpentinised intrusive masses, partly 
the core of a cretaceous volcano, break through these older rocks and 
have been often referred to as representing the Deccan trap eruption 
of the Peninsula. These and the triassic rocks formed a land surface 
during a considerable part of the eocene period: the tertiary often 
begins only with the Spintangi which rests upon them either directly 
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or with the intervention of the upper portion of the Ghdzij, When 
these rocks rest upon the basic intrusions, the latter are found to have 
been converted into laterite down to a considerable depth. 

In a number of localities, there intervene between the Spintangi 
and the lower Siwaliks, a group. of variegated beds unconformable to 
the former and containing fossiliferous limestones in their upper 
portion. In consideration of their unconformable stratigraphy, as well 
as for lithological and palzontological reasons, Mr. Vredenburg is of _ 
opinion that these beds belong to the upper Nari. The fauna contains 
a number of lower Nari species, but some of the most characteristic 
ones are absent, while other species are identical with fossils occurring 
in the Gaj of Sind or the miocene of Europe. Amongst them may be 
mentioned Bvreynia carinata, d Arch. and H., Pecten favret, d’Arch. 
and H., Trochus cognatus, J.de C. Sow. (= T., lucasanus, Brongn.) 
all typical Gaj species in Sind, Nerita martiniana, Math., frequent in 
many oligocene and miocene strata of Europe, Lucitna columbella, Lam., 
which is one of the commonest miocene form in Europe; the latter 
being extremely abundant in some exposures. Nummulites which are 
so abundant in the lower Nari are completely wanting. Dr. Noetling 
in common with other palzontologists is of opinicn that the lower 
Nari formerly regarded as oligocene cannot be maintained in that 
formation.as restricted by many geologists, but should be classed as 
eocene. It is not unlikely that the strata discovered in Baluchistan _ 
correspond with some of the beds which, by common assent, are 
regarded in Europe as true oligocene. It may be mentioned here 
that the true lower Nari, with its characteristic nummulites, occurs in 
several parts of Baluchistan. Dr. Blanford found it in the Bolan pass, 
and Dr. Noetling met with another outcrop in the northern Zhob. In 
the latter instance, in the neighbourhood of Tanishpa, Dr. Noetling 
also discovered a higher fossiliferous horizon without nummulites, 
which may belong to the miocene Gaj. It seems closely related to 
the group described by Mr. Vredenburg, several peculiar species being 
common to both. 


7.—Sind. 


On his way to Baluchistan, Mr. Vredenburg spent the month of 
March of the present season in Sind, in con- 
tinuation of some of the work performed two 
years ago. Asa result of the study of the rich fossil collections both 


Mr. Vredenburg. 
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from Sind and from Baluchistan preserved in the Calcutta Museum, 
Dr. Noetling and Mr. Vredenburg have found it necessary to intro- 
duce some further corrections in the tables of strata published in the 
two last ‘‘ General Reports.” The sequence of beds remains unaltered, 
but it is necessary to restore the names Ranikot and Khirthar to the 
position originally assigned to them by their author. The terms 
Ranikot and Khirthar were first employed by Dr. Blanford to 
designate two well-marked divisions in the eocene of Sind, the former 
of the two being known only in some parts of southern Sind. Jn 
many parts of Baluchistan, the eocene is easily subdivided into two 
groups, the Ghazij and Spintangi, and it has been repeatedly sug- 
gested that this twofold division may correspond with that originally 
made in Sind. It is only fair to state that these suggestions were 
generally made in reports written in the field without any opportunity 
of a direct ccmparison of the fossils. Whenever these came to be 
carefully studied, the differences between the Ghazij fauna and the 
Ranikot one became obvious, though it still remained to be proved 
that it was anything else but a difference of facies, and there remained 
a general idea that the two groups might be vicarious. The true 
equivalent of the Ghazij had long ago keen found in Sind in the 
richly fossiliferous shaly strata which, in the Laki range, occur near 
the top of the Khirthar, but, owing to the supposed identity of the 
Ghazij and Ranikot, this group remained cverlooked in all the com- 
parisons that were made until attention was drawn to the fact by 
Dr. Noetling. When Dr. Noetling first came across these shales 
near the sulphur springs at Laki, he recognised at once their complete 
identity with the Ghazij, and, following the accepted notion of the 
identity of the Ghazij and Ranikot, he looked upon them as an inlier 
of the latter. This explains why, in the lists of strata published in 
the two last ‘‘ General Reports,” the upper limit of the Ranikot has 
been placed higher than it originally was by Dr. Blanford. It was 
only during subsequent progress of their work that Dr. Noetling and 
Mr. Vredenburg came across fossiliferous exposures of the true 
Ranikot. It then became evident that the upper limit of the Ranikot 
is situated several hundred feet below the Laki shales which are near 
the top of the Khirthar, 
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The following column shows the succession of strata in the Laki 
range, the different divisions being rendered approximately propor- 
tionate to their relative thicknesses. 


I.—Shales and sandstones with some 
bands of limestone containing Cardzta 
beaumontt, zones 2 and 3 of the previ« 
ously published lists. 

1].—Deccan trap, zone 4. 

I1I.—Ranikot series, as originally de- 
fined. In the Laki range it consists al- 
most entirely of sandstones which are 
either quite unfossiliferous, or contain 

- only imperfect plant remains. At the 
base, resting on the Deccan trap, there 
frequently occurs an oyster bed, zone 5, 
The uppermost portion is ‘sometimes fos- 
siliferous, containing the new genus and 
species of zone 7. This curious species 
occurs also in the Cardita beaumontt 
beds, both in Sind and in Baluchistan. 

1V.—Principal mass of the Khirthar 

limestone, zone 9. The fossils usually 

weather out as casts except in the lower- 
most beds which constitute zone 8, of Macropneustes spectosus. 

V.—Shales, clays and impure limestones, constituting zones 10 to 

13 of previously published lists. Dr. Noetling has shown that these 

correspond with the Ghdzij of Baluchistan. 

ViI.—Limestone with large nummulites, uppermost part of the 

Khirthar, zone 14. This corresponds with the Spintangi of Baluchistan. 

VII.—Mostly clays in which are intercalated some bands of dark 

brown richly fossiliferous nummulitic limestone, zones 15 to 17. This 

is the lower Nari. 

VII]. — Variegated sandstones and clays, probably upper Nari. 

IX.—Fossiliferous strata between the top of the variegated beds 

and the base of the Manchhars. Near Bagathoro the lowermost bed 

contains an admixture of G4j and Nari species, together with some 
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peculiar species occurring in the strata regarded as upper Nari in 
Baluchistan and not found in any collections from the lower Nari or 
the typical G4j of Sind; amongst them are Lucina columbella and 
Nerita martiniana. These are probably nearly of the same age as 
the fossiliferous beds classed as upper Nari in Baluchistan. ‘The 
general appearance of the fauna‘recalls the presumed Gaj of Tanishpa. 
Above this bed, a slightly calcareous sandstone, are some limestones 
with typical G4j forms such as Echinediscus and large specimens of 
Ostrea blanfordiana, Noetl. Higher again comes a bed full of large 
specimens of Ostrea lingua. ‘This bed is frequently met with at the 
base of the Manchhars. 

X.—Base of the lower Manchhars which resemble lithologically 
the lower ‘Siwaliks of Baluchistan. The lowermost beds contain 
vertebrate remains, 

Neither the top of the Ranikot nor the base of the Khirthar are 
present in the above described section. It is doubtful how far the 
Ranikot and Khirthar are ever truly conformable, but there is an 
undoubted break, far more pronounced than elsewhere, in the Laki 
range, aS was already pointed out by Dr. Blanford. Further south 
au important series of highly fossiliferous strata overlie zone 7 of gen. 
nov. spec. nov., and. underlie the true Khirthar. Muammulites make 
their appearance in great abundance in these beds which, in the 
neighbourhood of Jhirak, contain an abundance of true d/emnites side 
by side with the nxummulites. Their mode of occurrence precludes 
all possibility of their being derived from an older stratum; the horizon 
of gen. nov. spec. nov. is not exposed at Jhirak where the lower part 
of the fossiliferous series is hidden beneath the Indus alluvium. At 
Meting, west of Jhirak, the zone 8 of Macropneustes spectosus is 
easily traceable, but it is underlaid by other Khirthar zones rich in 
specimens of echinoid species, none of which pass downwards into 
the true Ranikot. Many of the Khirthar species described in the 
Paleontologia Indica were obtained from the horizons underlying 
the zone of Macropueustes spectosus. Amongst the more abundant 
may be mentioned Porocidarts anomala, D. and S., Rhynchopygus 
caldert, d’A. and H., R. pygmxus, D. and S., Hemiaster digonus, 
d'Arch., MMetalia sowerbyz, d’Arch. In this neighbourhood where 
the upper beds of the Ranikot and the lowest of the Khirthar attain 
their greatest thickness, the separation of the two is still well marked 
by a ferruginous bed of laterite, and it is doubtful whether even here 
there is a truly uninterrupted sequence. 
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One result of extreme importance is the following: it is now 
certain that, whilst strata of the age of the Cardita beaumonti beds 
are widely distributed in Baluchistan, the Ranikot series is absolutely 
unknown outsidé a comparatively small area of lower Sind. It is 
highly probable that the Ranikot beds are amongst the oldest strata 
yet discovered in any country that can be safely classified within the 
tertiary system. 

An error that crept into the General Report for 1900-1901 may 
be corrected here. In mentioning the interesting occurrence of 
tertiary belemnites above alluded to, near Jhirak, on page 5 of that 
publication, the discovery was attributed to Dr. Noetling. The origi- 
nal finder was Mr. Vredenburg. 

When passing through Karachi Mr. Oldham found an opportunity 
of investigating the question of the sandhills which 
are blocking the road from Karachi to Clifton. 
The growth of these sandhills has been rapid 
during the last few years, but no accurate data are available, a survey 
has now been made which will enable their progress in future to be 
measured. ‘The cause of the sandhills is locally supposed to be the 
dumping ‘of dredgings from the harbour of Clifton. This appears to be 
an unimportant factor compared with the general drift of sand along 
the! shore; the? direct}cause is the closing of one of the original out- 
lets of the Karachi harbour, known as the Chinna creek, by which the 
tidal scour that kept the foreshore of the Clifton cliffs free from sand 
has been checked. An accumulation of sand has consequently been 
formed which stretches out beyond the former shore line and has 
formed a gathering ground from which the sand has been blown 
inwards by the strong winds of the monsoon. There appears to be 
ho practicable cure, for the reopening of tte Chinna creek is out of the 
question on account of the deterioration of the harbour which would 
result, and the only palliation possible appears to be the encourage- 
ment of the growth of the local couch-grass. 


C. L. GRIESBACH, Director, 
Geological Survey of India. 


Blown sand at KARACHI. 
Mr. R. D, Oldham. 


CALcuTTa: ’ 
The 1st April 1902. 


Part 3.—Note on the progress of the gold industry in: 1 Wynaad Nilgiri district. Notes om 
the representatives of the Upper Gondwana series in Trichinopoly and Nellore-Kistna 
districts, Senarmontite from Sarawak. 

Part 4.—On the geographical distribution of fossil organisms in India. Submerged forest 
on Bombay Island. 


Vou. XII, 1879. 


Part 1.—Annual report for 1878. Geology of Kashmir. (third notice). Further notices of 
Siwalik mammalia. Notes on some Siwalik birds. Notes of a tour through Hangrang 
and Spiti. Ona recent mud eruption in Ramri Island (Arakan). On Braunite, with 
Rhodonite, from near Nagpur, Central Provinces. Palzontological. notes from the 
Satpura coal-basin. Statistics of coal importations into India. 

Part 2.—On the Mohpani coal-field. On Pyrolusite with _Psilomelane Gccursay at Gosalpur, 
Jabalpur district. A geological reconnaissance from the Indus. at Kushalgarh to the | 
ED at Thal on the Afghan frontier. Further notes on the geology of the Upper 

unja 

Part 3.—On the geological featurés of the northern part of Madura district, the Pudukota 
State, and the southern parts of the Tanjore and: Trichinopoly districts included within 
the limits of sheet 80 of the Indian Atlas. Rough notes on the cretaceous fossils from 
Trichinopoly district, collected in 1877-78. Notes on the genus Sphenophyllum and 
other Equisetacez, with: reference to the Indian form: Tiizygia Speciosa, Royle (Sphe- 

- nophyllum Trizygia, Ung.). On Mysorin and Atacamite from the Nellore district. On 
poe from the Khasi Hills. On the Joga neighbourhood and old mines-on the Ner- 
udda. 

Part 4.—On the ‘Attock Slates’ and their probable ‘geological position. On a etal 
bone of an undescribed tortoise, from the Upper Siwaliks, near Nila, in the Potwar, Pun- 
jab. Sketch of the geology of North Arcot district. On the continuation of the road 
section from Murree to Abbottabad. 


Vot. XIII, 1880. 


Part 1.—Annual report for 1879. Additional notes on the geology of the Upper Godavari 
basin in the neighbourhood of Sironcha.. Geology of Ladak and neighbouring districts, 
being fourth notice of geology of Kashmir and neighbouring territories. Teeth of fossil 
fishes from Ramri Island and-the Punjab. Note on the fossil genera NOggerathia, Stbg., 
Noggerathiopsis, Fstm., and Rhiptozamites, Schmalh., in paleozoic and secondary rocks 
of Europe, Asia, and Australia. Notes on fossil plants from Kattywar, Shekh Budin, and 
'Sirgujah. On volcanic foci of eruption in the Konkan. 

Part 2,—Geological notes: Palzontological notes on the lower trias of the Himalayas. On 
the artesian wells at Pondicherry, and the possibility of finding such sources’ of water- 
supply at Madras, 

Part 3.—The Kumaun lakes. On the discovery of a celt of palzolithic type in the Punjab. 
Palzontological notes from the Karharbari and South Rewah coal-fields. Further notes on 
the correlation of the Gondwana flora with other floras. Additional note on the artesian 
wells at Pondicherry. Salt in Rajputana. Record of gas and mud eruptions on the . 
Arakan coast on 12th March 1879 and in June 1843. 

Part 4.—On some pleistocene deposits of the Northern Punjab, and the evidence they afford 
of an extreme climate during a portion of that period.. Useful minerals of the Arvali 
region. Further notes on the correlation of the Gondwana flora with that of the Aus- 
tralian coal-bearing system. Note on reh or alkali soils and saline well waters. The reh 
soils of Upper India. Note on the Naini Tal landslip, 18th September 1880. 


VoL. XIV, 1881. 


Part 1.—Annual report for 1880. Geology of part of Dardistan, Baltistan, and neighbouring 
districts, being fifth notice of the geology of Kashmir and! ‘neighbouring territories. Note 
on some Siwalik carnivora. The Siwalik group of the Sub- -Himalayan region. On the 
South Rewah Gondwana basin. On the ferruginous beds associated with the basaltic. 
rocks of north-eastern Ulster, in relation to Indian laterite. On some Rajmahal plants. 
Travelled blocks of the Punjab. Appendix to ‘Paleontological notes on the lower trias 
of the Himalayas.’ On some mammalian fossils from Perim Island, in the collection of the 


Bombay Branch of the Royal Asiatic Society. 


Part 2.—The Nahan-Siwalik unconformity in the North-western Himalaya. On some Gond- 
wana vertebrates. On the ossiferous beds of Hundes in Tibet. Notes on mining records, 
and the mining record office of Great Britain ; and the Coal and Metalliferous’ Mines 
Acts of 1872 (England). On cobaltite and danaite from the Khetri mines, Rajputana ; 
with some remarks on Jaipurite (Syepoorite). On the occurrence of zinc ore (Smithsonite 
and Blende) with barytes, in the Karnul district, Madras. Notice of a mud eruption in the 
island of Cheduba. 

Part 3.—Artesian borings in India. On oligoclase granite at Wangtu on the Sutlej, North- 
west Himalayas. On a fish-palate from the Siwaliks. Paleontological notes from the 
Hazaribagh and Lohardagga districts. Undescribed fossil carnivora from the Siwalik hills 
in the collection of the British Museum. PEN 

Part 4.—Remarks on the unification of geological nomenclature and cartography. On the 
geology of the Arvali region, central and eastern. On a specimen of native antimony 
obtained at Pulo Obin, near Singapore. On Turgite from the neighbourhood of Juggia- 
pett, Kistnah district, and on zinc carbonate from Karnul, Madras. Note on the section 


from Dalhousie to Pangi, vid the Sach Pass. On the South Rewah Gondwana basin. 
Submerged forest on Bombay Island. he 


VoL. XV, 1882. 


Part 1.—Annual report for 1881. Geology of North-west Kashmir and Khagan (being sixth 
notice of geology of Kashmir and neighbouring territories). On some Gondwana laby- 
rinthodonts. On some Siwalik and Jamna mammals. The geology of Dalhousie, North-west 
Himalaya. On remains of palm leaves from the (tertiary) Murree and Kasauli beds in 
India. On Iridosmine from the Noa-Dibing river, Upper Assam, and on Platinum from 
Chutia Nagpur. On (1) a copper mine lately opened near Yongri hill, in the Darjiling 
district ; (2) arsenical pyrites in the same neighbourhood; (3) kaolin at Darjiling (being 
3rd appendix toa report on the geology and mineral resources of the Darjiling district 
andthe Western Duars). Analyses of coal and fire-clay from the Makum coal-field, Upper 
Assam. Experiments on the coal of Pind Dadun Khan, Salt-range, with reference to 
the production of gas, made April 29th, 1881. Report on the proceedings and result of 
the International Geological Congress of Bologna. as 

Part 2—General sketch of the geology of the Travancore State. The Warkilli beds and 
reported associated deposits at Quilon, in Travancore. Note on some Siwalik and Nar- 
bada fossils. On the Coal-bearing rocks of the valleys of the Upper Rer and the Mand 
rivers in Western Chutia Nagpur. On the Pench river coal-field in Chhindwara district, 
Central Provinces. On borings for coal at Engsein, British Burma. On sapphires re- 
cently discovered in the North-west Himalaya. Notice of a recent eruption from one of 
the mud volcanoes in Cheduba. ord 

Part 3.—Note on the coal of Mach (Much) in the Bolan Pass, and of Sharag ot Sharigh 
on the Harnai route between Sibi and Quetta. New faces observed on crystals of stilbite 
from the Western Ghats, Bombay. On the traps of Darang and Mandi in the North- 
western Himalayas. Further note on the connexion between the Hazara and the Kashmir 
series. On the Umaria coal-field (South Rewah Gondwana basin). The Daranggin coal- 
field, Garo Hills, Assam. On the outcrops of coal in the Myanoung division of the 
Henzada district. : 

Part 4.—Ona traverse across some gold-fields of Mysore. . Record of borings for coal at 


Beddadanol, Godavari district, in 1874. Note on the supposed occurrence of coal on the 
Kistna. ; ' 


Vout. XVI, 1883. 


Part 1.—Anniual report for 1882. On the genus Richthofenia, Kays (Anomia Lawrenciana, 
Koninck). On the geology of South Travancore. On the geology of Chamba. On the 
basalts of Bombay. erty Pe 

Part 2.—Synopsis of the fossil vertebrata of India: On the Bijori ~Labyrinthodont. On a 
skull of Hippotherium antilopinum. On the iron ores, and subsidiary materials for the 
manufacture of iron, in the north-eastern part of the Jabalpur district. On laterite and 
other manganese ore occurring at Gosulpore, Jabalpur district. Further notes on the 
Umaria coal-field. 

Part 3.—On the microscopic structure of some Dalhousie rocks. On the lavas of Aden. 
On the probable occurrence of Siwalik strata in China and Japan. On the occurrence of 
Mastodon angustidens in India. Ona traverse between Almora and Mussooree made in 
October 1882. On the cretaceous coal-measures at Borsora, in the Khasia Hills, near 
Laour, in Sylhet. 


Part 4.—Paleontological notes from the Daltonganj and Hutar coal-fields in Chota Nagpur. 
On the altered basalts of the Dalhousie region in the North-western Himalayas. On 
the microscopic structure of some Sub-Himalayan rocks of tertiary age. On the geology 
of Jaunsar and the Lower Himalayas. On a traverse through the Eastern Khasia, 
Jaintia, and North Cacha; Hills. On native lead from Maulmain and chromite from the 
Andaman Islands. Notice of a fiery eruption from one of the mud volcanoes of Cheduba 
oon Arakan. Notice,—lIrrigation from wells in the North-Western’ Provinces and. 

u 


- Vor. XVII, 1884. 


Part 1.—Annual report for 1883. Considerations on the smooth-water anchorages or mud. 
banks of Narrakal and Alleppy on the Travancore coast. Rough notes on Billa Surgam’ 
and other caves in the Kurnool] district. On the geology of the Chuari and Sihunta 
parganas of. Chamba. On the occurrence of the genus Lyttonia, Waagen, in the Kuling 
series of Kashmir. 

Part 2,—Notes on the earthquake of 31st December 1881. On the microscopic structure of 
some Himalayan granites and gneissose granites. Report on the Choi coal exploration. 
On the re-discovery of certain localities for fossils in the Siwalik beds. On some of the 
mineral resources of the Andaman Islands in the neighbourhood of Port Blair. -The 
intertrappean beds in the Deccan and the Laramie group in western North America. 

Part 3.—On the miscroscopic structure of some Arvali rocks. Section along the Indus from 
the Peshawar Valley to the Salt-range. On the selection of sites for borings in the 
Raigarh-Hingir coal-field (first notice). Note on lignite near Raipore, Central Provinces. 
The Turquoise mines of Nishapfr, Khorassan. Notice of a further fiery eruption from 
the Minbyin mud volcano of Cheduba Island, Arakan. Report on the Langrin coal-field, 
south-west Khasia Hills. Additional notes on the Umaria coal-field. . 

Part 4.—On the Geology of part of the Gangasulan pargana of British Garhwal. On 
fragments of slates and schists imbedded in the gneissose granite and granite of the 
North-west Himalayas. On the geology of the Takht-i-Suleiman. On the smooth-water 
anchorages of the Travancore coast. On auriferous sands of the Subansiri river, Pon- 
dicherry lignite, and phosphatic rocks at Musuri. Work at the Billa Surgam caves. 


VoL. XVIII, 1885. 


‘Part 1.—Annual report for 1884. On the country between the Singareni coal-field and. the 
Kistna river. Geological sketch. of the country between the Singareni coal-field and 
Hyderabad. On coal and limestone in the Doigrung river, near Golaghat, Assam. 
Homotaxis, as illustrated from Indian formations. Afghan field notes. 

Part 2.—A fossiliferous series in the Lower Himalaya, Garhwal. On the probable age of 
the Mandhali series in the Lower Himalaya. Ona second species of Siwalik camel (Camelus 
Antiquus, nobis ex Fale. and Caut. MS.). On the Geology of Chamba. On the pro- 
bability of obtaining water by means of artesian wells in the plains of Upper India. 
Further considerations upon artesian sources in the plains of Upper India. On the 
geology of the Aka Hills. On the alleged tendency of the Arakan mud volcanoes to 
burst into eruption most frequently during the rains. Analyses of phosphatic nodules and 
rock from Mussooree. . : ; 

Part 3.—On the Geology of the Andaman Islands. Ona third species of Merycopotamus. 

- Some observations on percolation as affected by current. Notice of the Pirthalla and the 
Chandpur meteorites. Report on the oil-wells and coal in the Thayetmyo district, British 
Burma. On some antimony deposits in the Maulmain district: On the Kashmir earthquake 
of 30th May 1885. On the Bengal earthquake of 14th July 1885. 

Part 4.—Geological work in the Chhattisgarh division of the Central Provinces. On the Bengal 
earthquake of July 14th, 1885. On the Kashmir earthquake of 3oth May 1885. On the 
results of Mr. H. B. Foote’s further excavations in the Billa Surgam caves. On the 
mineral hitherto-known as Nepaulite. Notice of the Sabetmahet meteorite. 


Vor. XIX, 1886. 


Part 1.—Annual report for 1885.. On the International Geological Congress of Berlin. On 
“some Palzozoic Fossils recently collected by Dr. H. Warth, in the Olive group of the 
. Salt-range. On the correlation of the Indian and Australian coal-bearing beds. Afghan 
and Persian Field notes. On the section from Simla to Wangtu, and on the petrologi- 

cal character of the Amphibolites and Quartz Diorites of the Sutlej valley. 


Part 2.—On the Geology of parts of Bellaryand Anantapur districts, Geology of the Upper. 
Dehing basin in the Singpho Hills. On the microscopic characters of some eruptive 
rocks from the Central Himalayas. Preliminary note on the Mammalia of} the Karnul 
Caves. Memorandum on the prospects of finding coal in Western Rajputana. Note on 
the Olive Group of the Salt-range. On the discussion regarding the boulder-beds of the 
Salt-range. On the Gondwana Homotaxis. SN ae, 


Part 3.—Geological sketch of the Vizagapatam district, Madras. Preliminary note on the 
geology of Northern Jesalmer. On the microscopic structure of sorne specimens of the — 
Malani rocks of the Arvali region. On the Malanjkhandi copper-ore in the Balaghat 
district, C. P. : ate 

Part 4.—On the occurrence of petroleum in India. On the petroleum exploration at Khatan, 
Boring exploration in the Chhattisgarh coal-fields. Field-notes from Afghanishtan: No. 3, 
‘Turkistan. Notice of a fiery.eruption from one of the mud volcanoes of Cheduba Island, 
Arakan. Notice of the Nammianthal aerolite. Analysis of gold dust from the Meza 
valley, Upper Burma. ; 


Vout. XX, 1887. 


Part 1—Annual report for 1886. Field-notes from Afghanistan: No. 4, from Turkistan to 
India. Physical geology of West British Garhwal; with notes on a route traverse 
through Jaunsar-Bawar and Tiri-Garhwal. ~ On the geology of the Garo Hills. On some 
Indian image-stones. On soundings recently taken off Barren Island and Narcondam. 
On a character of the Talchir boulder-beds. Analysis of Phosphatic Nodules from the 
Salt-range, Punjab. sites 

Part 2.—The fossil vertebrata of India. On the Echinoidea of the cretaceous series of the 
Lower Narbada Valley, with remarks upon their geological age. Field-notes: No. 5—to 
accompany a geological sketch map of Afghanistan and North-eastern Khorassan. On the’ 
microscopic structure of some specimens of the Rajmahal and Deccan traps. On the 
Dolerite of the Chor. On the identity of the Olive series in the east with the speckled 
sandstone in the west of the Salt-range in the Punjab. 

Part 3.—The retirement of Mr. Medlicott. Notice of J. B Mushketoff’s Geology of Russian 
Turkistan. Crystalline and metamorphic rocks of the Lower Himalaya, Garhwal, and 
Kumaun, Section |. Preliminary sketch of the geology of Simlaand Jutogh. Noteon the 
‘ Lalitpur’ meteorite. : 

Part 4.—Note on some points in Himalayan geology. Crystalline and metamorphic rocks of _ 
the Lower Himalaya, Garhwal, and Kumaun, Section II. The iron industry of the 
western portion of the District of Raipur. Notes on Upper Burma. Boring exploration. 
in the Chhattisgarh coal-fields. (Second notice.) Some remarks on Pressure ,Meta-— - 
morphism, with reference to the foliation of the Himalayan Gneissose-Granite. A list and — 
index of papers on Himalayan Geology and Microscopic Petrology, published. in the 


preceding volumes of the records of the Geological Survey of India. — 


VoL, XX], 1888. 


Part 1.—Annual report for 1887. Crystalline and metamorphic rocks of the Lower Himalaya, 
Garhwal, and Kumaun, Section III. The Birds’-nest or Elephant Island, Mergui Archi- 
pelago. Memorandum on the results of an exploration of Jessalmer, with a view to the 
discovery of coal. A facetted pebble from the boulder bed (‘speckled sandstone’) of 
Mount Chel in the Salt-range inthe Punjab. Examination of nodular stones obtained 
by trawling off Colombo. 3 

Part 2.—Award of the Wollaston Gold Medal, Geological Society of London, 1888. The — 
Dharwar System, the chief auriferous rock series in South India. On the Igneous rocks 
of the districts of Raipur and Balaghat, Central Provinces. On the Sangar Marg and 
Mehowgale coal-fields, Kashmir. * 

Part 3.—The Manganese Iron and Manganese Ores of Jabalpur. ‘The Carboniferous 
Glacial Period.’ The sequence and correlation of the pre-tertiary sedimentary forma- 
tions of the Simla region of the Lower Himalayas. Tiana Sete 

Part 4.—On Indian fossil vertebrates. On the geology of the North-west Himalayas. On 
blown-sand rock sculpture. Re-discovery of Nummulites in Zanskar. On some mica 
traps from Barakar and Raniganj. aS Fee is cr 


Vor. XXII, 1889, 


Part 1.—Annual report for 1888. The Dharwar System, the chief auriferous rock-series in 
South India. (Second notice.) On the Wajra Karur diamonds, and on M. Chaper’s 
alleged discovery of diamonds in pegmatite near that place. On the generic position 
of the so-called Plesiosaurus Indicus. On flexible sandstone or Itacolumite, with special 
reference to its nature and mode of occurrence in India, and the cause of its flexibility. 
On Siwalik and Narbada Chelonia. 


Part 2.—Note on Indian Steatite. Distorted pebbles in the Siwalik conglomerate. ‘The 
Carboniferous Glacial Period.’ Notes on Dr. W. Waagen’s ‘Carboniferous Glacial 
Period.’ On the oil-fields of Twingoung and Beme, Burma. The gypsum of the Nehal 
Nadi, Kumaun. On some of the materials for pottery obtainable in the neighbourhood of 
Jabalpur and of Umaria. 


Part 3.—Abstract report on the coal outcrops in the Sharigh Valley, Baluchistan. On the 
discovery of Trilobites by Dr. H. Warth in the Neobolus béds of the Salt-range. Geolo- 
gical notes. On the Cherra Poonjee coal-field, in the Khasia Hills. On a Cobaltiférous 

_ Matt from Nepal. The President of the Geological Society of London on the Interna- 
tional Geological Congress of 1888. Tin-mining in Mergui district. 


Part 4.—On the land-tortoises of the Siwaliks: On the pelvis of a ruminant from the 
Siwaliks. Recent assays from the Sambhar Salt-Lake in Rajputana. The Manganiferous 
Iron and Manganese Ores of Jabalpur. On some Palagonite-bearing raps of the RAj- 
mahAl hills and Deccan, On tin-smelting in the Malay Peninsula. Provisional index of 
the local distribution of important minerals, miscellaneous minerals, gemstones, and quarry 
stones in the Indian Empire. Part 1. 


Voi. XXIII, 1890. f 


Part r—Annwual report for 1889: On the Lakadong coal-fields, Jaintia Hills. On the 
Pectoral and. pelvic girdles and skull of the Indian Dicynodonts. On certain vertebrate 
remains from the Nagpur district (with description of a fish-skull). Crystalline and 
metamorphic rocks of the Lower Himalayas, Garhwal and Kumaun, Section [V. On the 
bivalves of the Olive-group, Salt-range. On the mud-banks of the Travancore coast. 

Part 2.—On the most favourable sites for Petroleum explorations in the Harnaidistrict, Balu- 
chistan. The Sapphire Mines of Kashmir. The supposed Matrix of the Diamond at 
Wajra Karur, Madras. The Sonapet Gold-field. Field Notes from the Shan Hills, (Upper 
Burma). A description of some new species of Syringospheridz, with remarks upon their 
structures, &c. : 

Part 3.—On the Geology and Economic Resources of the Country adjoining the Sind-Pishin 
Railway between Sharigh and Spintangi, and of the country between it and Khattan 
(with a map). Report of a Journey through India in the winter of 1888-89, by Dr. 
Johannes Walther, translated from the German, by R. Bruce Foote. On the Coal-fields of 
Lairungao, Maosandram, and. Mao-be+lar-kar, in the Khasi Hills (with 3 plans). Further 
Note on Indian Steatite, Provisional Index of the Local Distribution of Important 
Minerals, Miscellaneous Minerals, Gem Stones, and Quarry Stones in the Indian Empire 
(continued from p. 286, Vol. XXII). ae 

Part 4.—Geological sketch of Naini Tal; with some remarks on the natural conditions 
governing mountain slopes (with a map and plate). Notes on some Fossil Indian Bird 
Bones. The Darjiling Coal between the Lisu and the Ramthi rivers, explored during 
season 1890-91 (with a map). The Basic Eruptive Rocks of the Kadapah Area, The 
Deep Boring at Lucknow. Preliminary Note on the Coal Seam of the Dore Ravine, 
Hazara (with two plates). 


Von. XXIV, 1897. 


Part t.—Annual report for 1890. On the Geology of the Salt+range of the Punjab, with a 
re-considéred theory. of the: Origin and-Age of the Salt-Marl (with five plates), On veins 
of Graphite in decomposed Gneiss (Laterite), in Carlow Extracts from’ the Journal’ of a 
trip to the Glaciers of the Kabru, Pandim, &c. The Salts of the Sambhar Lake in Rajpu- 
tana, and of the Saline efflorescence called ‘Reh’ from Aligarh in the North-Western 
Provinces. Analysis of Dolomite from the Salt-range, Punjab, f 

Part ¢—Preliminary Report nthe Oil locality, near Moghal Kot, in the Sherani country, 
Suleiman Hills. Qn Mineral Oil from the Suleiman Hills. Note on the Geology of 


the Lushai Hills. Report on the Coal-fields in the Northern Shan States. Note on 
the reported Namséka: Ruby-mine in the Mainglén State, Note on the Tourmaline 
(Schorle) Mines in the Maingl6én State. Note on a Salt-spring near Bawgyo, Thibaw 
State. 


Part 3.—Boring Exploration iz the Daltongunj Coal-field, Palamow (witha map). Death of 
Dr. P. MARTIN DuNncAN. Contributions to the study of the Pyroxenic varieties of Gneiss 
and .of the Scapolite-bearing Rocks. 

Part 4.—On a Collection of Mammalian Bones from Mongolia. Further note on the Darjiling - 
Coal Exploration. Notes on the Geology and Mineral Resources of Sikkim (with a 
map). Chemical and Physical notes on rocks from the Salt-range, Punjab (with two 
plates). 


VoL. XXV, 1802. 


Part t.—Annual report for 1891. Report on the Geology of Thal Chotidli and part of the 
Mari country (with a map and 5 plates). Petrological Notes om the Boulder-bed of the 
Salt-range, Punjdb, Sub-recent and Recent Deposits of the valley plains of Quetta, 
Pishin and the Dasht-i-Bedaolat; with appendice on the Chamans.of Quetta; and the 
Artesian water-supply of Quetta avd Pishin (with one plate), - ; 


Part 2.—Geology of the Saféd Kéh (with 2 plates of sections), Report om a Survey of the 
Jherria Coal-field (with a map and 8 section plates) (out of print). 


Part 3.—Note on the Locality of Indian Tscheffkinite. Geological Sketch of the country 
north of Bhamo. Preliminary Report om the economic resources of the Amber and Jade 
mines area in Upper Burma. Preliminary Report om the Iron-Ores and Iron-Industries 
of the Salem District. On the Occurrence of Riebeckite tz India. Coal on the Great 
Tenasserim River, Mergui District, Lower Burma. 


Part 4.—Report on the Oil Springs at Moghal Kot i2 the Shirani Hills. (with 2 plates)s 
Second Note om Mineral Oil fvom the Suleiman Hills. Ona New Fossil, Amber-like. 
Resin occurring in Burma. Preliminary notice on the Triassic’ Deposits of the 
Salt-range. ; 


Voi. XXVI, 1893. 


Part 1.—Annual report for 1892. Notes om the Central Himalayas (with map and plate). 
Note on the occurrence of Jadeite in Upper Burma (with a map). On the occurrence 
of Burmite, @ new Fossil Resin from Upper Burma. Report om the Prospecting Opera- 
tions, Mergui District, 1891-92. 

Part 2.—Notes on the earthquake in Baluchistan om the 20th December 1892 (with 2 plates) 
Further Note oz Burmite, a new amber-like fossil resin from Upper Burma. Note on the 
Alluvial deposits and Subterranean water-supply of Rangoon (with a map). 


Part 3—On the Geology: of the Sherani Hills (with maps and plates). On Carboniferous 
Fossils from Tenasserim (with 1 plate). Ona deep Boring af Chandernagore. Note on 
Granite in the districts of Tavoy and Mergui (with a plate). j 


Part 4.—On the Geology of the country between the Chappar Rift and Harnai ¢z Baluchistén 
(with map and 3 plates). Notes on the Geology of a part of the Tenasserim Valley with 
special reference-to the Tendau-Kamapying Coal-field (with two maps). Ox a Magnetite 
from the Madras Presidency containing Manganese and Alumina. Ox Hislopite (Haugh- . 
ton) (with a plate). 


VoL, XXVII, 1894. 


Part 1.—Annual report for 1893. Report om the Bhaganwala Coal-field, Salt-range, Punjab 
(with map and 2 plates). : 

Part 2—Note on the Chemical qualities of pertroleum from Burma. Note om the Singareni 
Coal-field, Hyderabad (Deccan) (with map and g plates of sections). Report om the 
Gohna Landslip, Garhwal (with 5 plates and 2 maps). . 

Part 3.—On the Cambrian Formation of ¢se Eastern Salt-range (witha plate). The Giridih 
(Karharbari) Coal-field, with notes on the labour and methods of working (with 2 maps 
and 8 plates of sections). On the Occurrence of Chipped (?) Flints im the Upper Miocene 
of Burma (with a plate). Note om the Occurrence of Velates Schmideliana, Chemn., 
and Relat grandis, Sow. Sf., im the Tertiary Formation of India and Burma (with 2. 

_ plates). ne 


p 


ae 


Part 4.— Note on the Geology of Wuntho im Upper Burma (with a map). Preliminary notice 
on the Echinoids from the Upper Cretaceous System of Baluchistan. On Highly Phos- 
phatic .Mica-Peridotites intrusive in the Lower Gondwana Rocks of Bengal. On a 
Mica-Hypersthene-Hornblende-Peridotite in Bengal. 


VoL. XXVIII, 1895. 


Part 1,—Annual report for 1894. Cretaceous Formation of Pondichérry, Some early allusions 
fo Barren Island; with a few remarks thereon. Bibliography of barren Island and Nar- 
condam, from 1884 to 1894; with some remarks. © : 

Part 2.—On the importance of Cretaceous Rocks of Southern India in estimating the geogra- 
phical conditions during later cretaceous times. Report on the Experimental Boring for 
Petroleum at Sukkur from October 1893 to March 1895. The development and Sub- 
division of the Tertiary systemin Burma. 

Part 3.—On the Jadeite and other rocks, from Tammaw in Upper Burma. On the Geology 
of the Tochi Valley. Ov the existence of Lower Gondwanas im Argentina. 

Part 4.—On the Igneous Rocks of the Giridih (Kurhurbaree) Coal-field and their- Contact 
Effects. On some outliers of the Vindhyan system south of the Sone and their relation 
to the so-called Lower Vindhyans. N tes on a portion of the Lower Vindhyan area of 
the Sone Valley. Note on Dr. Fritz Nogtiine’s paper on: the Tertiary system in 
Burma, in the Records of the Geological Survey of India for 1895, Part 2. 


VoL, XXIX, 1896. 


Part 1.—Annual report for 1895. On the Acicular inclusions in Indian Garmets. On the 
Origin and Growth of Garnets and of their Microsegmatitice intergrowths in Pyroxenic 
vocks (with 1 plate). 

Part 2.— Notes on the Ultra-basic rocks and derived minerals of the Chalk (Magnesite) hills, 
and other lvcalities near Salem, Madras (with 2—6 plates). Preliminary notes on some 
Corundum localities zz the Salem and Coimbatore districts, Madras (with 7—9 plates). 
On the occurrence of Corundum and Kyanite iz the Manbhum district, Bengal. On the 
papers by DR. Kossmat and Dr. KurrZ, and on the ancient Geography of ‘ Gondwana- 
land.” Note from the Geological Survey of India. 

Part 3.—On some Igneous Rocks from the Tochi Valley. Notes from the Geological Survey 
of India. 

Phe Report oz the Steatite mines, Minbu District, Burma. Further notes on the Lower 
Vindhyan (Sub-Kaimur) area of the Sone Valley, Rewah. Notes from the Geological 
Survey of India, : ; 


Vou. XXX, 1897. 


Part 1.—Annual report for 1806. On some Noczite and associated Basic Dykes and Lava 
flows in Southern India (with plates! to II). The reference of the genus Vertebraria. 
On a Plant of Glossopteris with part of the rhisome attached, and on the structure 
of Vertebraria (with plates III to V). 

Part 2,—The Cretaceous Deposits of Pondicherri (with plates VI to X). Notes from the 
Geological Survey of India. 

Part 3.— Note on Flow-structure in an Igneous dyke (with plate XI), Additional note on 
the Olivine-norite dykes at Coonoor (with plate X1/). Report on some trial excavations 
for corundum near Palakod, Salem District (with plate Xili). Report on the occurrence 
of coal at Palana village in Bikanir State (with plate XiV). An account of: the geolo- 
gical specimens collected by the Afghan-Baluch Boundary Commission of 1896 (with plate 
XV). Note from the Geological Survey of India (with plates XVi and XVil), 

art 4.—On Nemalite from Afghanistan. Ona quartz-barytes rock occurring in the Salem 
District, Madras Presidency (with plate XVII1). Note on a worn femur of Hippopotamus 
irravadicus, Caut. and Falc., from the Lower Pliocena of urma (with plates XIX and 
XX). On the supposed coal at Jaintia, Baxa Duars. Percussion Figures on micas. 
Notes from the Geological Survey of India. 


The \ fixed for these publications is 1 rupee (2s.) each part, or 2 rupees (45) each 
olume. 


Nots.—The Records ceased to be published from the rst January 188, 


) ~ MISCELLANE OUS PUBLICATIONS. x 
A Manual of the Geology of ieee 4 Vols. With map. 1879-1887 DE, vt 
Vol. 1. Peninsular Area 5 By H. B. Medlicott and W. T. Blandford he 
Vol. 2. Extra-Peninsular Area. rupees (out of DERE os 
Vol. 3. Economic Geology. By V. Ball. Price —S rupees (out. of fre, 
os Vol. 4. Mineralogy. By F. be pee: Brice 2 dustabett 


revised in mf. I (CAE 
Part I.—Corundum. By T. H. Holland (1808). Prica 1 rupee.” ‘ Te ae 
Popular guides to the Geological collections in the Indian Museum, Calcutta— yp 
No. 1. Tertiary vertebrate animals. By R, Lydekker (1870). Price 2 annas fo 
No. 2. Minerals. By F. R. Mallet Garon Price 2 annas (out Of print). ; 
No. 3. Meteorites. By F, Fedden (1880). Price 2 annas (out of print). i by 
No. 4. Paleontological collections. By O. Feistmantel (1881), Price 2 annas.’ . 
- No. 5. Economic mineral products. By F. R. Mallet (1883). Price 2 annas. 


Descriptive catalogue of the collection of Minerals in the ae cines Ne i: 
' . B,R. Mallet (1883). Price 2rupees. ana j 
An introduction of the Chemical and Physical study of Indian Minerals. By T AL Hollan 

- (1895). Price 8 annas. + Waa 


Catalogue of the remains of Siwalik Vertebrata contained in ‘the Colne Repateae Or? 
the Indian Museum. By R.Lydekker, Pt. I. Mammalia (1885). Eee 1 nape Pt. Hy % 
Aves, Reptilia, and Pisces (1880). Prices 4 annas, — Nae Nf 


Catalogue of the remains of Pleistocene and Pre-Historic Vertebrata contained in th Gealé 
gical Department of the Indian Museum. By R. Lydekker (1886). Price 4annas. 


Bibliography of Indian Geology. By R. D. Oldham (1888). ‘Price 1 rupee 8 annas, " 


Report on the Geological structure and stability of the bill se around Naini_ 
T. H. Holland (1897). Price Abia aie bi Seve Ti is 


Geclogical map of India, 1893. Scale 1"=96 miles, . Price I rupee. 


‘London : Bekat Paul, Trench, ‘Trubuer & Co. 
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1, Royal 8vo, pp. 309, 1859 (out of print). Pt. 1, 1856 (pricer Re.): Preliminary 
notice on the Coal and Izon of Talchir.—On the geological structure and 
relations of the Talchir Coal-field.—Gold-yielding deposits of Upper Assam.— 
On specimens of gold and gold dust from Shué-gween. Pt. 2, 1858 (price 
2 Rs.): On the geological structure of a portion of the Khasi Hills.—On the geo- 
logical structure of the Nilghiri Hills(Madras). Pt. 3, 1859 (price 2 Rs.): On 
the geological structure and physical features of the Districts of Bankura, 
Midnapore, and Orissa.—On the laterite of Orissa. On some fossil fish-teeth — 
of the genus Ceratodus, from Maledi, south of Nagpur. 


Ii. Royal 8vo, pp. 341, 1859 (out of print). Pt. 1, 1860 (price 2Rs.): On the 
Vindhyan Rocks, and their associates in Bundelkand. Pt. 2, 1860 (price 3 Rs.) 
On the geological structure of the central portion of the Nerbudda District.— 
On the tertiary and alluvial deposits of the central portion of the Nerbudda 
Valley.—On the geological relations and probable geological age of the several 
systems of rocks in Central India and Bengal. 


Ill. Royal 8vo, pp. 438. Pt. 1, 1863 (price 3 Rs.) (out of print). Onthe geological 
structure and relations of the Raniganj Coal-field.—Additional remarks on the 
geological relations and probable geological age of the several systems of rocks 
in Central India and Bengal.—Indian Mineral Statistics, I. Coal. Pt. 2, 1864 
(price 2‘Rs.): On the Sub-Himalayan Ranges between the Ganges and Ravi. 


IV. Royal 8vo, pp. 450. Pt. 1, 1863 (s7ice 2 Rs.): Report on the Cretaceous Rocks 
of Trichinopoly District, Madras. Pt. 2, 1864 (price 2 Rs.) (out of print): On 
the structure of the Districts of Trichinopoly, Salem, &c. Pt. 3, 1865 (price 
1 Re.): On the Coal of Assam, &c. 


V. Royal 8vo, pp. 354. Pt. 1, 1865 (price 3 Rs.) (out of print): Sections across 
N.-W_ Himalaya, from Sutlej to Indus.—On the Gypsum of Spiti. Pt. 2, 1866 
(price 1 Re.): On the Geology of Bombay. Pt, 3, 1866 (price 1 Re.) (out of 
print): On the Jheria Coal-field.—Geological Observations on Western Tibet. - 


VI. Royal 8vo, pp. 395. Pt. 1, 1867 (price 8 As.): Onthe Neighbourhood of Lynyan, 
&c., in Sind.—Geology of a Portion of Cutch. Pt.2, 1867 (price 2 Rs.) 
(out of print): Bokaro Coal-field.—Ramgarh Coal-field.—Traps of Western 
and Central India. Pt. 3, 1869 (grice 2 Rs. 8 As.): Tapti and Nerbudda 
Valleys.—Frog-beds in Bombay—Oxyglossus pusillus. 


VII, Royal 8vo, pp. 342. Pt. 1, 1869 (price 3 Rs.): Vindhyan Series.—Mineral Sta- 


tistics.—Coal.—Shillong Plateau. Pt. 2, 1870 (price 1 Re.): Karharbari Ccal. 


field.—_Deoghar Coal-field. Pt. 3, 1871 (p7ice 1 Re.): Aden water-supply.— 
Kéranpura Coal-fields. 


VII. Royal 8vo, pp. 353. Pt. 1, 1872 (price 4 Rs.): On the Kadapah and Karnul 
Formations in the Madras Presidency. Pt. 2, 1872 (price 1 Re.): Itkhuri Coal- 
field.— Daltonganj Coal-field—Chope Coal-field. 


IX. Royal 8vo, pp. iv, 358. Pt. 1, 1872 (price 4 Rs.): Geology of Kutch. Pt. 2, 1872 
(price 1 Re.): Geology of "Nagptir.—Geology of Sirban Hill.—-Carboniferous 
Ammonites, pp. 65. 


X. Royal 8vo, pp. 359. Pt. 1 (price 3 Rs.): Geology of Madras.—Satpura Coal- 
basin. Pt. 2, 1874 (price 2 Rs.): Geology of Pegu. 
XI. Royal 8vo, pp. 338. Pt. 1, 1874 (rice 2 Rs.): Geology of Darjiling and Western, 
Duars. Pt. 2, 1876 (price 3 Rs.): Salt-region of Kohat, Trans-Indus. 
XII. Royal 8vo, pp. 363. Pt. 1, 1877 (price 3 Rs.): South Mahrdtta Country. Pt. 2 
1876 (#rice 2 Rs.): Coal-fields of the Naga Hills. 
XIII. Royal 8vo, pp. 248, Pt.1, 1877 (price 2 Rs. 8 As.): Wardha Valley Coal-field. 
Pt. 2, 1877 (price 2 Rs. 8 As.): Geology of the R4jmahél Hills. 
XIV. Royal 8vo, pp. 313, 1878. Geology of the Salt-range in the Punjab, 
XV. Royal 8vo, pp, 192. Pt. 1, 1878 (price 2 Rs. 8 As.): Geology of the Aurunga and 


Hutdar Coal-fields (Palamow). Pt. 2, 1880 (price 2 Rs. 8 As.); Ramkola and 
Tatapani Coal-fields (Sirguja). —- 
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XVI, Royal 8vo, pp. 264. Pt. 1, 1879 (price 1 Re. 8 As.): Geology of Eastern 
Coast from Lat. 15° to Masulipatam. Pt. 2, 1880 (price 1 Re. 8 As.): 
The Nellore Portion of the Carnatic. Pt. 3, 1880 (price 2 Rs.): Coastal 
Region of the Godavari District. 


XVII. Royal 8vo, pp. 305. Pt. 1, 1879 (price 3 _Rs.): Geology of Western Sind. 
Pt. 2, 1880 (price 2 Rs.): Trans-Indus extension of the Punjab Salt-range. 


XVIII. Royal 8vo, pp. 300. Pt. 1, 1881 (price 2 Rs.) : Southern Afghanistan. 
Pt. 2, 1881 (price 1 Re. 8 As.) (out of print): MAnbhum and Singhbhum. 
Pt. 3, 1881 (price 2 Rs.): Prd&nhita-God4vari Valley. 


XIX, Royal 8vo, pp. 242. Pt. 1, 1882 (price 2 Rs.) : The Cachar Earthquake of 
1869. Pt, 2, 1882 (price 1 Re): Thermal Springs of India. Pt. 3, 1883 
(price 1 Re.): A catalogue of Indian Earthquakes. Pt. 4, 1883 (price 
1 Re.): Geology of parts of Manipur and the N4ga Hills. 


XX. Royal 8vo, pp. 240. Pt. 1, 1883 (price 2 Rs. 8 As.): Geology of Madura and 
Tinnevelly, Pt, 2, 1883 (price 2 Rs. 8 As.): Geological notes on the Hills 
in the neighbourhood of the Sind and Punjab Frontier between Quetta 
and Dera Ghazi Khan. 


XXI. Royal 8vo, pp. 286 (out of print), Pt. 1, 1884 (price 2 Rs.): Geology 
of the Lower Narbada Valley. Pt. 2, 1884 (price 1 Re.): Geology of 
Kathiawar. Pt. 3, 1885 (price 2 Rs.) : Coal-field of South Rewah. Pt. 4, 
1885 (price 1 Re.): Barren Island, 


XXII. Royal-8vo, pp. 344, 1883. The Geology of Kashmir, Chamba, and Khagan. 
XXIII. Royal 8vo, pp. 232, 1891. Geology of the Central Himalayas. 


XXIV. Royal 8vo, Pt. 1, 1887 (price 1 Re. 8 As.): The Southern Coal-fields of 
the SAtpura Gondwana basin. Pt. 2,1800 (price 2 Rs. 4 As.): Physical 
Geology of the Sub-Himataya of Garhw4l and Kumaun. Pt..3, 1890 (price 
1 Re. 4 As.): Geology of South Malabar, between the Beypore and 
Ponndni Rivers. 


XXV.. Royal 8vo, 1896. Geology of the Bellary District, Madras Presidency. 
XXVI. Royal 8vo, 1896. Geology of Hazara. 


XXVII. Royal 8vo, Pt.1,1895(pricer Re.): Marine Fossils from the Miocene of 
Upper Burma. Pt. 2, 1807 (price 4 Rs.) : The occurrence of Petroleum 
in Burma and its technical exploitation. ~ 


XXVIII. Royal 8vo, Pt. 1, 1898 (price 2 Rs.); Notes on the Geological Structure of 
the Chitichun region. A note on the Allah-bund in the north-west of the 
Rann of Kuchh. Geology of parts of the Myingyan, Magwe and Pakokku 
Districts, Burma, The Geology of the Mikir Hills in Assam. On the 
Geology of Tirah and the Baz4r. valley. Pt. 2, 1900 (Price 3 Rs.): The 
Charnokite Series, a group of Archzean Hypersthenic Rocks in Peninsular 

India. 
XXIX. Royal 8vo, 1900 (frice § Rs.); Report on the Great Earthquake of 12th 

: June 1897. 


XXX. Royal 8vo, Pt. 1, 1900 (grice 2 Rs.): Aftershocks of the Great Earth- 
quake of 12th June 1897. Pt. 2, 1900 ( frice 1 Re.): Geology of the 
‘ neighbourhood of Salem, Madras Presidency, with special reference to 
Leschenault de la Tour’s observations: Pt. 3, 1901, in the Press: Siva- 
malai Series of Elzolite-Syenites. Pt. 4, in the Press: Report of the Geolo- 
gical Congress of Paris. 
XXXI. Royal 8vo, Pt. 1, 1901 (price 2 Rs.): Geology of the Son Valley in the 
_ _Rewah State and of parts of the Adjoining Districts of Jabalpur and Mirz- 
apur, Pt.2, in the Press: A Geological Sketch of the Baluchistan 
Desert and part of Eastern Persia. Pt. 3, in the Press: Petrological 
notes on some Peridotites, Serpentines, etc., from Ladakh. 
XXXII. Royal 8vo, Pt. 1, in the Press: Recent Artesian Experiments in India. 
“Pt, 2, in the Press: Report on the Rampur Coal-field, 
XXXIII. Royal 8vo, Pt. 1, 1901 (grvice 8 Rs.): The Kolar Gold-field, being a de- 
scription of Quartz-Mining and Gold-Recovery as practised in India. 
Pt. 2, Art. 1, inthe Press: The Gold-fields of Waindd, Art. 2 in the 
Press: Report onthe Auriferous Quartzites of Parhadiah, Chota Nagpur. 
Art. 3, in the Press : Some auriferous localities in North Coimbatore. 


The price fixed for these publications is 5 Rs.(10s.) each volume. 


PALEZONTOLOGIA INDICA. 


(Ser. I, Ill, V, VI, VIIL.)—CRETACEOUS FAUNA OF SOUTHERN INDIA, 4y 
F. STOLICZKA, except Vou. I, Pt. 1, 4y H. F. BLANFORD, 


Vout. I. The Cephalopoda (1861-65), pp. 216, pls. 94 (6 double). 

Vou. Il. The Gastropoda (1867-68), pp. xiii, 500, pls. 28. 

Vox. III. The Pelecypoda (1870-71), pp. xxii, 537, pls. 50. 

VoL. IV. The Brachiopoda, Ciliopoda, Echinodermata Corals, etc. (1872-73), PP. V, 202, pls. 29. . 


(Ser. Il, XI, XIIl)—THE FOSSIL FLORA OF THE GONDWANA SYSTEM, by 
O. FEISTMANTEL, except Vou. I, Pr. 1, by T. OLDHAM and J. MORRIS. 


VoL. I, pp. xviii, 233, pls. 72. 1863-79. Pt.1; R4jmahal Group, Rajmahdl Hills. Pt. 2; The 
same (continued). Pt. 3; Plants from Golapilli. Pt. 4; Outliers on the Madras 
Coast. 

Vot. Il, pp. xli, 115, pls. 26. 1876-78. Pt.1; Jurassic Flora of Kach. Pt. 2; Flora of the 
Jabalpur Group. 

Vot. III, pp. xi, 64+ 149, pls. 80 (9 double) (I-~XXXI+IA—XLVII A). 1879-81. Pt. 1; The 
Flora of the Talchir-Karharbari beds. Pt.2; The Flora of the Damuda and 
Panchet Divisions. Pt.3; The same (concluded). | 

VoL. IV, pp. xxvi, 25+ 66, pls. 35 (2 double) (I-XXV + I A—XIV A). Pt. 1 (1882); Fossil — 
Flora of the South Rewah Gondwana basin. Pt. 2 (1886) ; Fossil Flora of some 
of the coal-fields in Western Bengal. 


(Ser. IX.)—JURASSIC FAUNA OF KACH. 


Voi. 1 (1873-76). The Cephalopoda, by W. WaacEn, pp. i, 247 pls. 60 (6 double). 
Vor. II, pt. 1 (1893). The Echinoidea of Kach, by J. W. Grecory, pp. 12, pls. 2, 
Vou. Il, pt. 2 (1900). The Corals, by J. W. Gregory, pp. 195, i— ix, pls. 26. 

Vou. III, pt. 1 (1900). The Brachiopoda, by P, L. Kitchin, pp. 87, pls. 15. 


(Ser. IV.)—-INDIAN PRE-TERTIARY VERTEBRATA. 


Vou. I, pp. vi, 137, pls, 26. 1865-85. Pt.1 (1865); The Vertebrate Fossils from the 
Panchet rocks, by T. H. Huxtey. Pt. 2 (1878); The Vertebrate Fossils of the 
Kota-Maleri Group, by Sir P. pe M. Grey Ecerton and L.C. Miatt. Pt. 3 
(1879); Reptilia and Batrachia, by R. Lypexker. Pt. 4 (1885); The Laby- 
rinthodont from the Bijori group, by R. LypeKkerR. Pt. 5 (1885); The 
Reptilia and Amphibia of the Maleri and Denwa groups, by R. LYDEKKER. 


(Ser. X.)—INDIAN TERTIARY AND POST-TERTIARY VERTEBRATA, by 
R. LYDEKKER, except Vou. I, Pt. 1, by R. B. FOOTE. 


Vo. I, pp.xxx, 300, pls. 50. 1874-80. Pt. 1; Rhinoceros deccanensis. Pt. 2; Molar teeth 
and other remains of Mammalia. Pt. 3; Crania of Ruminants. Pt. 4; Supple. 
ment to Pt. 3. Pt. 5; Siwalik and Narbada Proboscidia. 


Vou. Il, pp. xv, 363, pls. 45. 1881-84. Pt.1; Siwalik Rhinocerotide. Pt. 2; Supplement 
to Siwalik and Narbada Proboscidia. Pt.3; Siwalik and Narbada Equidz. 
Pt.4; Siwalik Camelopardalide. Pt. 5; Siwalik Selenodont Suina, ete. 
Pt.6; Siwalik and Narbada Carnivora. 


Vou. III, pp. xxiv, 264, pls. 38. 1884-86. Pt.1,; Additional Siwalik Perissodactyla and Pro- 
boscidia. Pt. 2; Siwalik and Narbada Bunodont Suina. Pt. 3; Rodents and 
new Ruminants from the Siwaliks. Pt. 4; Siwalik Birds. Pt. §; Mastodon 
Teeth from ‘Perim Island. Pt. 6; Siwalik and Narbada Chelonia. Pt. 7; 
Siwalik Crocodilia, Lacertilia and Ophidia, Pt.8; Tertiary Fishes. 


Vor. IV, pt. 1, 1886. Siwalik Mammalia (Supplement 1), pp. 18, pls. 6. 


+ n » 2, 1886. The Fauna of the Karnul caves: (and addendum to Pt. 1); pp. 40 (19~- 
58), pls. 5 (vii—xi). 
» »__»» 3» 3887. Eocene Chelonia from the Salt-range; pp. 7 (59-65), pls. 2 (xii —xl1'). 


Ser. VU, XIV.—TERTIARY AND UPPER CRETACEOUS FAUNA OF WESTERN 
INDIA, 6y P. MARTIN DUNCAN and W. PERCY SLADEN, except Pr. 1, oy 
F. STOLICZKA. 


Vor. I, ppe16 + 110 + 382 + 91 = 590, pls. 5 + 28 + 58 + 13 = 104. 1871-85. Pt. 1; 
Tertiary Crabs from Sind and Kach. Pt. 1 (new 2); Sind Fossil Corals and 
Alcyonaria. Pt. 3. The Fossil Echinoidea of Sind: Fas. 1, The Cardita 
beaumonti beds; Fas. 2, The Ranikot Series in Western Sind; Fas. 3, The 
Khirthar Series; Fas. 4, The Nari (Oligocene) Series; Fas. 5, The Gaj 
(Miocene) Series; Fas. 6, The Makrdn (Pliocene) Series. Pt. 4, The 
Fossil Echinoidea of Kach and Kattywar. 


(Ser. XIII.)—SALT-RANGE FOSSILS, ty WILLIAM WAAGEN, Pu.D. 
Productus-Limestone Group: Vol. I, pt. 1 (1879). Pisces, Cephalopoda, pp. 72, pls. 6. 


n ” » 9» 2 (1880), Gastropoda and supplement to pt. 1, pp. 111 
(73-183), pls. 10 (1 double), (vii-xvi). 

A 7 » » 3 (1881). Pelecypoda, pp. 144 (185-328), pls. 8 (xvii- 
xxiv). 

s “s » 99 4 (1882-85). Brachiopoda, pp. 442 (329-770), pls. 62 
(xxv-lxxxvi). 


5 (1885). Bryozoa—Annelidze—Echinodermata, pp. 64 
(771-834), pls. 10 (Ixxxvii-xcvi). 
6 (1886). Ccelenterata, pp. 90 (835-924), pls. 20 (xevii- 


CXvi). 


7 (1887). Ccelenterata, Protozoa, pp. 74 (925-98), pls. 
12 (cxvii-cxxviii), : 


” ” ” 


” ” ” 


Fossils from the Ceratite Formation: Vol. II, pt. 1 (1895). Pisces—Ammonoidea, pp. 324, 


pls. 40. 
Geological Results: Vol. IV, pt. 1 (1889), pp. 1—88, pls. 4. 
» ” » 9 2(1891), pp. 89—242, pls, 8. 


(Ser. XV.)—HIMALAYAN FOSSILS, éy CARL DIENER, Pu.D. 


Anthracolithic Fossils of Kashmir and Spiti: Vol. 1, pt. 2 (1899). pp. 96, pls. 8. 

The Permocarboniferous Fauna of Chitichun No. I: Vol. I, pt. 3 (1897), pp. 105, pls. 13. 

The Permian Fossils of the Productus Shales of Kumaon and Garhwal: Vol. I, pt. 4 (1897), 
PP- 54, pls. 5. 

The Cephalopoda of the Lower Trias: Vol. II, pt. 1 (1897), pp. 182, pls. 23. 

The Cephalopoda of the Muschelkalk: Vol. II, pt. 2 (1805), pp. 118, pls. 31. 

Upper Triassic Cephalopoda Faunz of the Himalayas: Vol. III, pt. 1 (1899), pp. 158, pls. 22. 

Trias Brachiopoda and Lamellibranchiata: Vol. III, pt. 2 (1899), pp. 76, pls. 12 (1 double). 


(SzR. XVI.)\—BALUCHISTAN FOSSILS, 6y FRITZ NOETLING, Pu.D., F.G.S. 
The Fauna of the Kellaways of Mazar Drik: Vol. I, pt. 1 (1895), pp. 22, pls. 13. 
The Fauna of the (Neocomian) Belemnite Beds: Vol. I, pt. 2 (1897), pp. 6, pls. 2. 
The Fauna of the Upper Cretaceous (Maéstrichtien) Beds of the Mari Hills: Vol. I, pt. 3 
(1897), pp. 79, pls. 23. 
(NEW SERIES.) 
The Cambrian Fauna of the Eastern Salt-range: Vol. I, 1 (1899), pp. 14, pl. 1. 
Notes on the Morphology of the Pelecypoda: » I, 2 (1809), pp. 58, pls. 4. 
Fauna of the Miocene Beds of Burma: » I, 3 (1901), pp. 378, pls. 25. 


The price fixed for these publications is 4 annas (6 pence) per single plate, 


RECORDS OF THE GEOLOGICAL SURVEY OF INDIA. 


Vot. I, 1868. 


Part 1.—Annual report for 1867. The coal-seams of the Tawa valley. On the prospects of 
useful coal being found in the Garrow Hills. Copperin Bundelkund. Meteorites. a 


Part 2.—On the coal-seams of the neighbourhood of Chanda. Coal near Nagpur. Geological 
notes on the Surat collectorate, The cephalopodous fauna of the South Indian cretaceous 
deposits. Lead in the district of Raepore. Coal in the Eastern Hemisphere. Meteorites. 


Part 3.—General results obtained from an examination of the gastropodous fauna of the South ~ 
Indian cretaceous deposits. Notes on route from Poona to Nagpur vié Ahmednugegur, 
Jalna, Loonar, Yeotmahal, Mangali, and Hingunghat. On the agate-flake found by 
Mr. Wynne in the pliocene (?) deposits of the Upper Godavery. The boundary of the 
Vindhyan series in Rajputana, Meteorites. 


Vo. II, 1869, 


Part 1.—The valley of the Poorna river, West Berar. On the Kuddapah and Kurnool formas 
tions. Geological sketch of the Ssillong plateau. On the occurrence of gold in the 
district of Singbhoom, &c. Memorandum on the wells now being sunk at the European 
Penitentiary, and at the site for the Central Jail, Hazareebagh. Meteorites. 


Part 2.—Annual report for 1868. Note on Pangshura tecta and the other species of Chelonia 
from the newer tertiary deposits of the Nerbudda valley. Sketch of the metamorphic 
rocks of Bengal. 


Part 3.—Preliminary notes on the geology of Kutch, Western India, Contributions to the 
geology and physical geography of the Nicobar Islands. 


Part 4.—On the beds containing silicified wood in Eastern Prome, British Burma. Minerale 
ogical statistics of Kumaon division. The coal-field near Chanda. Lead in the Raipur 
district. Meteorites. 


Vot.. III, 1870. 


Part 1.—Annual report for 1869. On the geology of the neighbourhood of Madras. On the 
alluvial deposits of the Irrawadi, more particularly as contrasted with those of the Ganges. 


Part 2.—Geology of Gwalior and vicinity. Onthe slates at Chiteli, Kumaon. On the lead 
vein near Chicholi, Raipur district. The Wardha river coal-fields, Berar and Central 
Provinces, Report on the coal at Korba in the Bilaspur district, 


Part 3.—The Mohpani coalefield. On the lead-ore at Slimanabad, Jabalpur district. On the 
occurrence of coal east of Chhatisgarh in the country between Bilaspur and Ranchi. On 
petroleum in Burma. On the petroleum locality of Sudkal, near Futtijung, west of Rawal- 
pindi. On the occurrence of argentiferous galena and copper in the district of Manbhum, 
S, W. Frontier of Bengal. Assays of iron ores. 


Part 4~——On the geology of Mount Tilla, in the Punjab. The copper deposits of Dalbhum 
and Singbhum: 1.—The copper mines of Singbhum: 2.—On the copper of Dalbhum 
and Singbhum. Meteorites. ‘ 


Vor. IV, 1871. 


Part 1.—Annual report for 1870. Enquiry into an alleged discovery of coal near Gooty, and of 
the indications of coal in the Cuddapah district. Mineral statistics of the Kumaon divi« 
sion. 


Part 2.—The axial group in Western Prome. Geological structure of the Southern Konkan. 
On the supposed occurrence of native antimony in the Straits Settlements. On the com- 
position of a deposit in the boilers of steam-engines at Raniganj. On the plant-bearing 
sandstones of the Godavari valley, on the southern extension of rocks belonging to the 
Kamthi group to the neighbourhood of Ellore and Rajamandri, and on the possible occur- 
rence of coal in the same direction, sey 


Part 3.—The progress and results of borings for coai in the Godavari valley near Dumagudem 
and Bhadrachalam. On the Narbada coal-basin. Sketch of the geology of the Centra] 
Provinces. Additional note on the plant-bearing sandstones of the Godavari valley. 


Part 4.—The ammonite fauna of Kutch. The Raigur and Hengir (Gangpur) Coal-field. 
Description of the sandstones in the neighbourhood of the first barrier on the Godavari, 
and in the country between the Godavari and Ellore. 


VoL, V, 1872, 


Part 1.—Annual report for 1871. Rough section showing the relations of the rocks near 
Murree (Mari), Punjab. Mineralogical notes on the gneiss of South Mirzapur and adjoin- 
ing country. Description of the sandstones in the neighbourhood of the first barrier on 
the Godavari, and in the country between the Godavari and Ellore, 


Part 2.—On the geological formations seen along the coasts of Beluchistan and Persia from 
Karachi to the head of the Persian Gulf, and on some of the Gulf Islands. Ona traverse 
of parts of the Kummummet and Hanamconda districts in the Nizam’s Dominions. The 
geology of Orissa, Ona new coalefield in the south-eastern part of the Hyderabad 
(Deccan) territory. 


Part 3.—On Maskat and Massandim on the east coast of Arabia. An example of local joint- 
ing. On the axial group of Western Prome, On the geology of the Bombay Presidency. 


Part 4.—On exploration for coal in the northern region of the Satpura basin. On the value of 
the evidence afforded by raised oyster banks on the coasts of India, in estimating the 
amount of elevation indicated thereby. Ona possible field of coal-measures in the Goda- 
vari district, Madras Presidency. On the lameta or infra-trappean formation of Central 
India. On some recently discovered petroleum localities in Pegu, Correction regarding 
the supposed eozoonal limestone of Yellam Bile. 


Vo. VI, 1873. 
Part 1.—Annual report for 1872. The geology of the North-West Provinces. 


_ Part 2,—The Bisrampur coalefield. Mineralogical notes on the gneiss of South Mirzapur and 
adjoining country. 

Part 3.—Notes on a celt found by Mr. Hacket in the ossiferous deposits of Narbada valley 
(Pliocene of Falconer): on the age of the deposits, and on the associated shells. On the 
Barakars (coal-measures) in the Beddadanole field, Godavari district. On the geology of 
parts of the Upper Punjab. Coalin India. The salt-springs of Pegu. 


Part 4.—On some of the iron deposits of Chanda (Central Provinces), Barren Islands and 
Narkondam. Stray notes on the metalliferous resources of British Burma. 


Vot. VII, 1874. 


Part 1.—Annual report for 1873. On the geological structure of the hill ranges between the 
Indus valley in Ladak and Shah-i-Dula on the frontier of Yarkand territory. On some 
of the iron ores of Kumaon. On the raw materials for iron-smelting in the Raniganj 
field. On the habitat in India of the elastic sandstone, or so-called Itacolumyte. Gevlo- 
gical notes on part of Northern Hazaribagh. é 


Part 2,—Geological notes on the route traversed by the Yarkand Embassy from Shah-i-Dula 
to Yarkhand and Kashgar. Onthe occurrence of jade in the Karakas vailey, on the 
southern borders of Turkistan. Notes from the Eastern Himalaya, Petroleum in Assam, 
Coal in the Garo hills. On the discovery of a new locality for copper in the Narbada 
valley. Potash-salt from East India. On the geology of the neighbourhood of Mari hill 
station in the Punjab. 


Part 3.—Geological observations made on a visit to the Chaderkul, Thian Shan range. On 
the former extension of glaciers within the Kangra district. On the building and orna- 
mental stones of India. Second note on the materials for iron manufacture in the Rani- 
ganj coal-field. Manganese ore in the Wardha coalefield, 


Part 4.—The auriferous rocks of the Dhambal hills, Dharwar district. Remarks on certain 
considerations adduced by Falconer in support of the antiquity of the human race in India, 
Geological notes made ona visit to the coal recently discovered in the country of the 
Luni Pathans, south-east corner of Afghanistan. Note on the progress of geological 
investigation in the Godavari district, Madras Presidency. Notes upon the subsidiary 
materials for artificial fuel, 


Vor. VIII, 1875. 


Part 1.—Annual report for 1874. The Altum-Artush considered from a geological point of 
view. On the evidences of ‘ground-ice’ in tropical India, during the Talchir period, 
Trials of Raniganj fire-bricks. 


Part 2 (out of print).—On the gold-fields of south-east Wynaad, Madras Presidency. Geolo- 
gical notes on the Khareean hills in the Upper Punjab. On water-bearing strata of the 
Surat district. Sketch of the geology of Scindia’s territories. 


Part 3.—The Shahpur coal-field, with notice of coai explorations in the Narbada region. 
Note on coal recently found near Moflong, Khasia Hiils. 


Part 4.—Note on the geology of Nepal. The Raigarh and Hingir coalefields. 


Vor. IX, 1876, 


Part 1 (out of print).—Annual report for 1875. On the geology of Sind, 


Part 2.—The retirement of Dr. Oldham. On the age of some fossil floras in India. Deserip- 
tion of a cranium of Stegodon Ganesa, with notes on the sub-genus and allied forms. 
Note upon the Sub-Himalayan series in the Jamu (Jummoo) Hills. 


Part 3.—On the age of some fossil floras in India. On the geological age of certain groups 
comprised in the Gondwana series of India, and on the evidence they afford of distinct 
zoological and botanical terrestrial regions in ancient epochs. On the relations of the 
fossiliferous strata at Maleri and Kota, near Sironcha, C. P. On the fossil mammalian 
faunz of India and Burma. 


Part 4.—On the age of some fossil floras in India. On the osteology of Merycopotamus dis- 
similis, Addenda and Corrigenda to paper on tertiary mammalia. Occurrence of 
Plesiosaurus in India, On the geology of the Pir Panjal and neighbouring districts. 


Vou. X, 1877. 


Part 1.—Annual report for 1876. Geological notes on the Great Indian Desert between Sind 
and Rajputana. On the occurrence of the cretaceous genus Omphalia near Nameho lake, | 
Tibet, about 75 miles north of Lhassa. On Estheria in the Gondwana formation. Notices 


of new and other vertebrata from Indian tertiary and secondary rocks. Description ofa ~ 


new Emydine from the upper tertiaries of the Northern Punjab. Observations on under 
ground temperature. 


Part 2.—On the rocks of the Lower Godavari. On the ‘Atgarh Sandstones’ near Cuttack. 
On fossil floras in India. Notices of new or rare mammals from the Siwaliks. On the 
Arvaliseriesin North-eastern Rajputana. Borings for coal in India. On the geology of India. 


Part 3.—On the tertiary zone and underlying rocks in the North-west Punjab. On fossil floras in 
India. On the occurrence of erratics in the Potwar. On recent coal explorations in the 
Darjiling district. Limestones in the neighbourhood of Barakar. On some forms of 
blowing-machine used by the smiths of Upper Assam. Analyses of Raniganj coals. 


Part 4.—On the Geology of the Mahanadi basin and its vicinity. On the diamonds, gold, and 
lead ores of the Sambalpur district. Noteon ‘Eryon Comp. Barrovensis,’ McCoy, from 
the Sripermatur group near Madras. On fossil floras in India, The Blaini group and the 
‘Central Gneiss’ in the Simla Himalayas. Remarks on some statements in Mr. Wynne’s 
paper on the tertiaries of the North-west Punjab. Note on the genera Choeromeryx and 
Rhagatherium. 


Vou. XI, 1878. 


Part 1,—Annual report for 1877. On the geology of the Upper Godavari basin, between the river 
Wardha and the Godavari, near the civil station of Sironcha. On the geology of Kashmir, 
Kishtwar, and Pangi, Notices of Siwalik mammals. The palzontological relations of the 
Gondwana system. On ‘Remarks, &c., by Mr. Theobald upon erratics in the Punjab,’ 


Part 2.—On the Geology of Sind (second notice). On the origin of the Kumaun lakes. Ona 
trip over the Milam Pass, Kumaun. The mud volcanoes of Ramriand Cheduba. On the 
mineral resources of Ramri, Cheduba, and the adjacent islands. 
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2. G. F. Reaper, F.G.S., also Officiating Inspector of Mines in India wice 
Mr. Grundy from 3rd October 1900. Died at Madras from Cholera on 
12th March 1go1. 

3. F. H. Hatcu, Ph.D., A.M.1LC.E., F.G.S. Completed period of service on 14th 
March Igol. 


Sus-ASSISTANTS, 
1. Hira Lat. 
2. KisHEN SinGH, F.G.S, 
ARTIST, 
H.B. W. Garrick. 


ASSISTANT CURATOR. 


T.R, Bryrx. Appointed Assistant Curator from 13th February 1got. 


REGISTRAR. 
A. E. MacA. AUDSLEY, 


INSPECTOR OF MINES IN INDIA, 


James GRunpDy. On leave on Medical Certificate from the 2nd October 1go00. 


GENERAL REPORT 


ON THE WORK CARRIED ON BY THE 


GEOLOGICAL SURVEY OF INDIA 


FOR THE PERIOD FROM THE IST APRIL 


1900 


TO THE 31ST MARCH 


IQOI. 


PART I—HEAD-QUARTER NOTES. 


During the twelve months under report, I 
carried out the following tours :— 

(1) During July to Darjeeling accompanied by Mr. T. H. Holland, 
to examine with a Committee of Engineers the landslip 
which occurred on the 15th of that month. 

(2) From the 13th October to the 24th November to the Madras 
Presidency. The object of this tour was the inspection 
of the work carried on in the Wainad district and 
Mysore by Messrs. Hayden and Stonier and Dr. Hatch, 
respectively. 


Divector’s Tours. 


1.—Museum and Laboratory. 


Mr. T. H. Holland was in charge of the Curator’s office the entire 

twelve months, and has been single-handed 

throughout the year owing tothe absence of 

the Museum Assistant in Paris. The work of determining specimens. 
B 


Curator. 
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sent to head-quarters has, however, been kept up to date and a 
satisfactory amount of progress made in the 
museum work. Amongst the specimens of inter- 
est, which have been acquired during the year, we are indebted 
to the Trustees of the British Museum for a set of duplicates of rock 
specimens collected in the Transvaal by Dr. F. H. Hatch. They are 
of value to us on account of the similarity which has been known in a_ 
general way to exist between the South African rocks and some of 
the older unfossiliferous formations of Peninsular India. 

To the continued interest of a previous Superintendent and 
Curator, Mr. F. R. Mallet, we are indebted for a donation of artificial 
langbeinite, and an interesting series of American specimens, includ- 
ing the remarkable rock, topaz-rhyolite, and the mineral plattnerite. 

The Mysore Geological Department has presented a specimen 
of a remarkable rock which was found by 
Mr. Holland when on deputation in the Mysore 
State in 1898, and has been made the subject of a special study, of 
which an account will shortly appear in the Memoirs. 

Amongst the collections made by the survey officers during the 
year, a series of gold-bearing quartz specimens and associated rocks 
was obtained by Dr. F. H. Hatch inthe Kolar gold-field, their descrip- 
tions being published as an appendix to his memoir on the latter. 

Whilst examining some specimens from the neighbourhood of 
the Raniganj coal-field, Mr. Holland detected 
rocks similar to the well-known anorthosites of 
Canada, and subsequently, in company with Mr. E. Seymour Wood 
of the Bengal Coal Company, verified the existence of the series 
on the south bank of the Damuda river. These rocks form a very 
interesting addition to the hypersthene-bearing members which are 
so remarkably abundant amongst the Peninsular crystallines. 

The Paris Exhibition, at which this Department was represented 
by a fine series of rocks and minerals illustra- 
ting the economic geology of India, closed on 
the 15th November 1900, and the collections, which were throughout 
under the charge of Mr. T. R. Blyth, the Assistant Curator of the 
Geological Museum, were at once packed and returned to India. 
A certain number of specimens, of which we possess many dupli- 
cates, were presented to institutions and museums in Europe. The 
exhibition awarded the Grand Prix with gold medal to the Depart- 
ment, whilst several private contributors to the exhibits of the 


Museum work. 


Mysore rocks. 


Raniganj rocks. 


Parts Exhibition. 
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Geological Survey received silver medals, and Mr. Blyth was granted 
a special gold medal. 

Mr. Blyth rejoined the department from deputation on the 7th 
March 1gor. 


2.—Palzontological work. 


A very large number of fossils were collected during the year, 
in Sind, the Salt range and Himalayas by 
Drs. Noetling and von Krafft, and in Burma by 
Messrs. La Touche and Datta. 


Cotlectsons. 


(a) Descriptive work in India. 


Dr. F. Noetling was engaged during the cold season of 1g00- 
1901, in editing his description of the Miocene 
fossils of Burma, and in determining the large 
collections of tertiary fossils which he had obtained during the 
preceding field season in Sind. Most of the time was devoted to the 
study of the fossils of the Nari beds of the neighbourhood of Lakki, 
which Dr. Noetling identifies as the zone of Cerzthium sp. Expatagus 
rostratus, d’Arch., and Echinolampas discoideus, Dun. 

An interesting discovery is that of the occurrence of true Belem- 
nites, which Dr. Noetling found in great numbers in lower eocene 
beds near Jhirrak in Sind. | 

Dr. von Krafft continued the description of the lower trias 

Dr. von Krarrton the fossils from the Himalayas and he has adopted 
trias of the Himdlayas. Tr, Noetling’s views! with regard to the age of 
the lower Otoceras beds. The collections of lower trias fossils, which 
he is describing, have largely increased since the cold season of 1899 
to 1900, Dr. Noetling having brought many specimens from the 
Shalshal cliff, while Dr. Krafft himself found red limestones with 
lower triassic Cephalopoda among the “exotic blocks’”’ of Johar. 
For this reason the material, worked out previously, had to be re- 
examined. The most prominent genus, A/eekoceras, with 26 species, 
is now fully described, the rest is partly worked out and will, it is 
hoped, be finished in a few months. 


Tertiary fossils of Sind. 


1 See page 28 of this report, 
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The limestones above the “ Productus shales” include five 
different faunas, following each other in descending order as 
follows :— 


‘ Horizon of Szdirctes, sp. 
5 » Llemingites rohilla. 
- » Meekoceras, n. sp. 
¥ 5, Ophiceras sakuntala. 
” » Otoceras woodwarat. 


Of these the lowest one should be included in the permian. 
This appears indicated owing to Medlicottia dalatlamz being indis- 
tinguishable from M. wynnez of the upper productus limestone of 
the Salt range and also owing to the fact that Xenaspis carbonaria 
and Cyclolobus oldhami, both species of the uppermost middle 
productus limestone, occur only 20 to 30 feet below the layer with 
Otoceras. Whether the horizon of Ophiceras sakuntala is triassic 
or not, cannot be decided so far, but the horizon of Meekoceras 
nov. sp., certainly is. The horizon of S7drrites, n. sp. unfortunately 
represented by a few fossils only, was discovered among Mr. Smith’s 
Byans collections, had so far been unknown from the Himalayas. 
Jt corresponds to the upper Ceratite limestone of the Salt range 
(zone of Stephanttes superbus). 


(4) Descriptive work in Europe. 


As in previous years the Department received assistance from 
European Palzontologists, who described several of our collections. 
fer publication in the Palzontologia Indica.. The following gentle- 
men were at work during the year :— 


In England= 


DR. F. oh. Sa TeuIN, 2 G5. 
{dora Lamellibranchiata 
of Cutch. . 


Geological Survey of England 
and Wales. 


* General Report, 1899-1900, p. 182. Cyclolobus oldhami was found by 
Waagen together with Xenaspis carbonaria. Pal. Ind., Ser. XIII, Vol. I, p. 37. 
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dn Austvia— 


PRoF. Dr. UHLIG, ' 


Ghwerinconiienta Jurassic fossils of the Himé:- 


layas. 


du France— 


PROF. R. ZEILLER, 
Ecole Naticnale Supérieure @ Gondwana Fossils. 
des Mines. 


Professor E. Suess has again taken upon himself the responsi- 
ble task of superintending the work done in Austria, and he arranged 
for the publication of the plates which are to illustrate the reports. 
Dr. Henry Woodward, F.R.S., Keeper of the Geological Department 
of the British Museum (Natural History), has promised similar assis- 
tance with respect to the palzozoic collections of the Himalayas, but 
up to date it has been impossible to find an English Palzeontologist to 
take up this particular series of fossils. Dr. W.T. Blanford, F.R.S., 
has also rendered valuable assistance in this direction, and has 
generally superintended the work done in England for the Depart- 
ment, 


3.— Publications, 


The following publications were issued during the past twelve 
months :— 

General Report on the work carried on by the Geological Survey 
of India from the 1st April 1899 to the 31st 
March 1900. 

Memoirs, Vol. XXVIII, pt. 2.—The Charnockite Series, by T. H. 
Holland, on the 13th August 1goo. 


General Report. 


Memoirs. 


Ditto Vol. XXX, pt. 1.—List of Aftershocks of the Great 
Earthquake of 12th June 1897, by R. D. 
Oldham, on the 6th April 1900. 

Ditto ditto, pt. 2—Geology of the Neighbourhood of 
Salem, Madras Presidency, by T. H. Holland, 
on the 6th December 1900. 
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Memoirs, XXXII], pt, 1.—The Kolar Gold-field, by F. H. Hatch, 
on the 7th March igor. 
Palzontologia Indica, Series IX, Vol. H, pt. 2.—Corals of Cutch, 


Palaeontologia Indica, by J. W. Gregory, on the 13th July 1goo. 


Ditto Series IX, Vol. II, pt. 1.—Brachiopoda of Cutch, by 
F,L. Kitchen, on the 28th September 

1900. 
Ditto Series XV, Vol. IlI, pt. 2,—Trias Brachiopoda, by 

Dr. Bittner, on the 13th July 1900. 
Owing to the illness of Mr. J. Grundy, the Inspector of Mines, 
Report of the Inspector his report for the calendar year 1899 had to be 
LEME compiled by Mr, G, F. Reader, and was delayed 
until February 1go!. 

The additions to the library, during the year 1900 to 1gor, 
amount to 2,146 volumes, of which 917 were 


Lib . ; : 
Ste acquired by presentation and 1,229 by purchase. 


PART I]L—FIELD PARTIES. 


During the year ending the 31st March 1901 
Distribution of officers. the officers of the Department were distributed 
as follows :— 


SUPERINTENDENTS. 


Mr. T. H. D. LaTouche’ ./ At head-quarters until the 14th October 
1900; then in Madras Presidency in 
connection with the water-supply of 
Guntur, and afterwards in northern 
Shan States. 


» C. S. Middlemiss .|At head-quarters until 7th June 1900 ; 
then furlough for 18 months, 
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DEPUTY SUPERINTENDENTS. 


Mr. P. N. Bose ; .| At head-quarters until toth October 
1900; then Assam. 


jae Ht. Holland *, .| At head-quarters until 18th March rgo1 ; 
then Punjab. On short deputation to 
investigate Darjeeling landslip during 
July 1900. 

3» Pe N. Datta “ .| At head-quarters until 16th October 
1900; then northern Shan States. 


» F. H. Smith * .| Head-quarters till 18th May 1900; then 
furlough for 18 months, 


ASSISTANT SUPERINTENDENTS. 


Mr. H. H. Hayden . . | Head-quarters till 15th May rgoo; then 
in the Waindd District. 


E. Vredenburg , .| At head-quarters during the rainy sea- 
son; posted to Baluchistan from the 
13th November Igoo. 


” 


Dr. T. L, Walker . .| At head-quarters until 26th October 
1900; then in the Vizagapatam District. 


Pe ek.von iKrafit, ~ . . | In Kumaon till 16th October 1900; then 
at head-quarters, 


PALZONTOLOGIST. 


Dr, Fritz Noetling . . | Head-quarters up to 16th June goo; 
afterwards Gharwal Himdlayas; re- 
turned on the 26th October, and 
remained at head-quarters till February 
1901; proceeded to northern Shan 
States. 
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SPECIALISTS. 


Mr. G. A. Stonier_ . .| In the Wuntho District, Burma, till 3rd 
) June 1900; at head-quarters, Calcutta, 
from the 4th to 25th June 1900; then 
in the Waindd District, Madras, till 
7th November 1goo ; afterwards in the 
Jherria coal-field, Bengal. 


» G.F. Reader , .| At headequarters till 4th October 1goo, 
when he was appointed officiating 
Inspector of Mines, and engaged in 
numerous inspections till 12th March 
1901, on which date he died when on 
tour. 


Dr Foe atch ; _| Hyderabad, Deccan, Mysore and the 
Waindd District, Madras; head-quar- 
ters and short tour in Bengal. 


SuB-ASSISTANTS. 


Lala Hira Lal : - | Head-quarters, Museum. 


» Kishen Singh , . | Wuntho District, Burma, and the Waindd, 
Madras. 


ASSISTANT CURATOR. 


Mr, T. R. Blyth . -| On deputation to Paris in charge of 
exhibits ; returned to head-quarters 
7th March tgot. 


a a A a SI a 


The surveys, as far as practicable, were divided into purely 
Division of work. scientific and economic inquiries. 
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A.—ECONOMIC ENQUIRIES. 


1.—Gold. 


Burma, 


The investigations in the auriferous area of the Wuntho District 
Mr. G. A. Sronter. | Were continued during the hot weather of 1900 
Lata KISHEN SINGH. yntil the heavy rains set in which stopped field 

work in June. 

The most important fact ascertained during the latter part of 
the investigations in Wuntho, appears to be the occurrence of gold 
in cupriferous quartz-reefs, which are found in the granitic area 
north of Baumauk, A reef which has been specially reported on 
is said to contain g dwts. of gold to the ton of quartz. The fact is 
important, as it was hitherto believed that, at least in the Chouk- 
pazat and Wuntho areas, quartz-reefs in granite are generally non- 
auriferous, 

Watnad, 

As the result of a preliminary survey of the more important 
quartz-veins of the south and _ south-east 
MR. GAY drowen,  Waindd,! which Mr. Hayden made last year, it 
Dr. F. H. Hatcu. was decided to submit two of the mines that 

LaLa KISHEN SINGH. : . 
had been opened out during the mining activity 
of the early eighties to a detailed examination with a view to 
determining once for all, whether with the improved appliances and 
perfected processes of modern gold-recovery, there might be any 
chance for profitable gold-mining in this district. Mr. Hayden’s 
researches led him to the conclusion that the two properties most 
suitable for such an examination were those known as the “ Alpha” 
and the “ Phcenix ” for the reasons:—tirstly, that extensive drives 
on the course of the vein were known to exist in both these 
mines, so that it would be possible, if they were made accessible, 
to institute a thorough sampling of the ore-bodies and thus to 
arrive at a fair approximation of the average value and stoping 
width of the ore; secondly, that these mines were credited by 
rumour with being capable of better results than had been obtained 
when they were formerly worked, if more efficient methods and 

better machinery were to be used. 


1 See General Report of the Geological Survey of India, 1899-1900, p. 53. 


Ln 
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These two mines having been selected, it remained to render 
them accessible for sampling, and in order to do this a considerable 
amount of preliminary work was necessary to clear away the débris 
that, falling from the soft decomposed walls of the vein, had been 
washed down the stopes, and had gradually silted up the tunnels, 
in some cases partially, in others completely. The back of the 
drives had also to be supported in many dangerous places by close 
timbering. This task which exacted considerable care and constant 
supervision, in order to prevent the occurrence of accidents to the 
native workmen, was carried out under the direction of Messrs. 
Hayden and Stonier, assisted by Lala Kishen Singh, to whom every 
credit is due for the success which crowned their effort. 

Dr. Hatch did the systematic sampling of the ore-bodies laid bare. 
Every ten feet, along the whole length of vein exposed, samples 
were taken across the whole width of vein at the marked points. 
These samples, in all 267, were then carefully assayed and in addition 
a large number of special samples of pyritic patches, richer in gold, 
were taken and concentrates of these patches also assayed. 

Dr. Hatch has now come to the conclusion that ‘‘there can be 
no doubt after the careful and systematic sampling of the two mines, 
as to the unpayability of the ore-bodies that have been opened 
up by the Alpha and Phoenix workings ; and the present developments 
are in my opinion sufficient to justify a condemnation of the veins 
on which these mines have been opened. If the presence of chutes 
of pay-ore could have been established, even though of small extent, 
there might have been some encouragement for the undertaking of 
further prospecting operations ; but with the results rehearsed on the 
preceding pages! such a course cannot be recommended.” 


Chota Nagpur. 


At the end of his deputation to the Waindd and before termin- 
ating. his engagement on this Department, 
Dr. Hatch was deputed to examine one of the 
auriferous reefs belonging to the Pahardiah Gold Mining Company 
(formerly the Bengal Gold and Silver Mining Company). ‘The 
property is situated at Pahardiah near the village of Somij in the 
Singhboom district of Chota Nagpur. 


Dr. F. H. HATCH. 


» Of his report, now in the press, 
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Dr. Hatch has submitted a report on this locality, which will 
be published in the Memoirs, Vol. XXXIII. an 

There has been some development done on the so-called ‘“ veins, 
which are in reality beds of quartzite which are associated with a 
series of calc-chlorite schists, the whole constituting a part of the great 
group of transition rocks. A number of samples of the ore-body 
have been taken and assays made; these gave as results the follow- 
ing yield in pennyweights of fine gold to the ton of ore: dwts. 4°55 
3°25, 1°3, 2, 7°8, 5°2. These results are sufficiently encouraging to 
warrant some money being spent on the further development of the 
“veins,” which are from 3 to 12 feet in thickness, and seemingly 
of great lengths. 


Mysore. 


During the rainy season of last year, when camping out was 

impossible in Bengal or in the Waindd, Dr. 

meme en os olistcewas deputed to the Kolar Gold-fields to 

make a complete study of the occurrence of the gold of that area and 

of the methods adopted of gold-recovery, which he has very ably 

carried out, and his experiences are embodied in his report in Memoirs, 
Vol, XXXII, pt. 1, which has already been published. 


2.—Coal. 


In connection with the Jherria coal-field railway survey Mr, Stonier 
was engaged during the entire cold weather season in making 
detailed studies of certain coal-seams of that field, in which he was 
assisted by Lala Kishen Singh and Hira Lal during the end of the 
season. The task is not completed yet and the results will depend 
on several drills which are now being executed. 


3.—Miscellaneous Minerals. 


At the request of the Government of Bombay, Mr. Vredenburg 
RP CREDENDORG: was sent to examine certain tracts in the 
Panch Mahkals. Jambughoda district of the Panch Mahals, where 

it was supposed that tin ore exists, besides other valuable minerals. 
None of the minerals supposed to exist in 
the Panch Mahals were met with, although 
Mr. Vredenburg was accompanied by the person who pretended 


Tin ore. 
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to have found them originally, and the supposed tin ores were 
found to be hematite only. 

At the conclusion of this task, Mr. Vredenburg visited the 
Copia inna eIAte Kishengarh State, to report chiefly on the cop- 

Kishengarh in Rajpu- per ores and mica found there, which are somes 
tana. Po ° 
what promising, He has furnished a report. 

Dr. T. L. Walker discovered several localities in the north-east 

Graphite. Kalahandi TD portion of the Kalahandi State where grap- 
State, Central Provinces. ite is met with in parallel bands or veins, and 
apparently of good quality. 

Mr. Bose reports on thin seams of coal which he met two or three 
Coal and Petroleum, Miles south of Jowai in the hill tract south-east 
south-east of Shillong. of Shillong in Assam. He also mentions a local- 

ity in the Khasimara valley where petroleum in small quantities 
oozes Out of tertiary sandstone. 


4.—Water-Supply. 

Several inquiries were addressed to the Department with reference 
Meee Ua er Gent eee water-supply, either artesian or otherwise, 
HaypEN AND Vrepen- and officers of the department were deputed 
pica to study the local conditions, where the water- 
supply was required, and furnished reports on the same. In this 
manner Mr. Hayden examined during May tgoo a site fora dam 
to be built in connection with a water-supply scheme near the 
Kartéri falls in the Nilgiris and reported on the locality. Mr. La 
Touche inspected the proposed water-supply schemes of Guntur 
in Madras and the artesian boring in Place’s Garden in Madras 

during October 1900. 
A very important compilation on the “Recent artesian experi- 
ments in India’? from 1883 to the present day has been completed 
by Mr. E. Vredenburg, and is about to issue in Memoirs, Vol. XXXII, 


5.— Landslips. 


During July 1900 I visited Darjeeling accompanied by Mr. Holland 
Tur Director anv. 2nd examined, with a committee of engineers, 
Mr. T.H.HottanD. the landslip which fell into the Limbu Jhora 

on the 15th of that month. Mr. Holland subsequently furnished a 
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full report. The landslip was evidently caused by rain saturation on 
a slope already lying outside the safe angle. Subsequent develop- 
ment has shown that the movement in the north-western direction 
has been facilitated by the existence of a highly inclined fold-fault 
plane along which water has freely percolated, softened the rocks and 
introduced a layer of fine clay, which when wetted acted as a 
lubricant between the sliding and the fixed masses. 

During the latter half of March Mr. T. H. Holland examined, at the 
request of the Punjab Government, a serious 
landslip which occurred last year below the 
jail at Dharmsala, and he made a general 
survey of the slopes around the station. In the case of the slip near 
the Dharmsala jail, a large mass of detritus extending some 500 yards 
alony the face of the hill has moved out at an unusually low slope 
of less than 23°. The spur on which the jail is built consists entire- 
ly of river detritus, and the slip which has taken place is not a mere 
surface fall, but a well-defined river-like movement of a deep mass, 
showing the usual phenomena of fissures in its upper section 
(Adrissgebiet) and the fan-shaped protuberant masses below (A4- 
lagerungs Gebiet). The angle of slope is well below the angle 
of repose of the detritus under ordinary conditions of Partial 
wetting, and the slip is evidently due to excessive saturation 
by water. The premonitory symptoms of the slip were well pro- 
nounced in August of last year, and the final fall occurred on the 
28th of September at the end of a very heavy monsoon. The rain 
which fell during the monsoon was given every ordinary Oppor- 
tunity of soaking into the hill, as not a single building in the jail or 
police lines is supplied with a gutter for its roof, and no water-tight 
drains of any sort exist in the compound or on the hill-side. In addi- 
tion to the water which so entered the hill with each fall of rain, a 
katcha kul, carrying a large stream of water was, until this year, 
carried along the brow of the hill, almost coincident with the upper 
limiting fissures of the slip, In addition, therefore, to the facilities 
offered naturally by the very porous character of the detritus com- 
posing the spur, the local authorities added very material assistance 
to the agencies which brought about the slip. Although the jail 
buildings are seriously cracked, Mr. Holland thinks that the recogni- 
tion of the true cause of the slip will give the remedial measures, 
which are promptly being undertaken, the effect of rendering the jail 
compound perfectly safe. The lesson, it is hoped, will be applied 


Mr. HotianpD. 
Dharmsala, Punjab. 
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to the rest of the station, in many parts of which movements have 
occurred on slopes well below the angle of safety under conditions of 
ordinary drainage, and are due to the general want of system in 
drainage, as well as to the practice of conducting long distance kils 
in katcha channels. 


6.—Inspection of Mines. 


The Inspector of Mines in India, Mr. James Grundy, proceeded 
aii. Fale CEES EEC sick leave on the 3rd October 1900 and 
BVO IST Mr. G. F. Reader was appointed to officiate for 
ese ‘him. Unfortunately this officer, who had shown 
much ability during the short period of his activity, died on the 
12th March of this year whilst on inspection duty in Madras. 
Mr. G. A. Stonier has since been appointed to officiate as Chief 
Inspector of Mines in addition to his other duties, 


B.—GEOLOGICAL SURVEYS. 
1,—Madras Presidency. 


During the months of October rgoo to the end of December 
Dr. Walker was engaged in geologically survey- 
ing the Nowrangapur talug in the Vizagapatam 
district. The geological results may be stated as follows :— 

Crystalline schists are the chief rocks and cover the whole of the 
talug, except that occupied by a few small 
patches of Cuddapah rocks. The schists are 
principally biotite and hornblende granitoid gneisses, amphibolite 
and subordinate quartzite bands. The general strike is north-west, 
but there are few good exposures except in the extreme north-eastern 
part of the taluq beyond the Tel river. 

The Cuddapah System is represented by two fairly large outliers 
and a number of small ones, the latter being chiefly small isolated 
hills where these rocks form caps on the gneiss. The largest of the 
outliers occupies the valley of the Indrabati from Nowrangapur 
westward to the Bastar boundary. The northern boundary of the 


Dr. T. L. WALKER. 


Vizagapatam District. 
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Cuddapah outcrop is probably faulted since the quartzites along the 
north dip from 30° to 50° south-west away from the gneisses, while 
the rocks are in all other exposures almost horizontal. The quartzites 
are apparently the oldest rocks of the system exposed. Buff concre- 
tionary limestone, resembling some of the limestones of Dr, William 
King’s Cheyair group, and purple slates, are the upper members 
of the system. 

The second Cuddapah outlier of importance occupies the little 
plateau east of Chocha, and extends along the Kalahandi boundary 
from N. Lat. 19°33’ to N. Lat 19°50’, In this outcrop, however, the 
concretionary limestone has not been observed. 

Decomposed diabase and laterite are occasionally seen in small 
exposures. 


2.—Central Provinces. 


Since the beginning of 1901 Dr. Walker was engaged in making 

a geological reconnaissance of Kalahandi State 

Dr. T. L. Watxer where the rocks shew much greater variety and 

plead Slats give promise of very valuable mineral products. 

Besides a very small outcrop of Talchir 

sandstone in the extreme northern point of the State, there are 

five well-defined rock systems which form more or less parallel 

belts, stretching north-north-east and south-south-east. At present 

Dr. Walker is not prepared to state the relative ages of these systems 
of crystalline rocks, 

Cuddapah system.—These rocks form the most western of the 
five belts referred to, and are only a continuation of the second of 
the Cuddapah outliers referred to above. They make up the high 
ridge along the Jeypore boundary and are chiefly dirty white quartzites 
and drab slates, 

Crystailine complex.—This group of rocks covers the larger 
part of the north-western half of the State, and extends east to within 
five miles of Bandesor, NHornblende biotite gneiss, at times augitic, 
is the most prominent rock. The usual strike is north and south. 

Garnetiferous granttoid gneiss forms a belt from ten to twelve 
miles wide and extends from Bandesor north to the Tel river. 

Garnet quartz sillimantte schists form most of the hills along 


16 Geological Survey of India. 


the Ganjam frontier and the northern margin of the hills south and 
east of Bandesor. ‘They frequently contain graphite and are usually 
foliated, The strike varies from north-north-west to north-north- 
east. | 

Charnocktte forms the greater part of the hill ranges in 
the south-eastern part of the State. This is merely a continuation 
of the great Charnockite massif discovered last year in the agency 
tracts of Vizagapatam. This great rock mass probably extends from 
the Mahanadi to the Godavari, and constitutes the high plateaux of 
the eastern Ghats in the northern Circars. 


3.—Burma. 


The geological survey of the northern Shan States, which was 
ee EN Wt a started last year, was continued during the cold 
» P.N, Datta, season of 1900 to 1go1, and fair progress has 
Bona been made in the geological mapping of the 
country between the Mandalay plains and the Kunlon ferry. 
Mr. LaTouche worked in the western portion of that area, whilst 
Mr. Datta remained in the district immediately to the east of 
Mr. LaTouche’s sections, The geological results are very interesting, 
and to some extent modify the views which Messrs. LaTouche and 
Datta held after the season 1899-1900. Several horizons, the res- 
pective ages of which were left doubtful, have furnished fine collec- 
tions of fossils, which have helped to clear up the geological rela- 
tions of the different series of strata, all of which have apparently 
undergone much disturbance. Dr. Noetling was sent to the north- 
ern Shan States to inspect work done by Mr. Datta, and has 
materially helped to unravel the doubtful points in connection with 
the structure and ages of the various horizons. He has recognised 
the triassic age of the Gokteik series of beds, regarding which much 
difference of opinion existed between Messrs. LaTouche and Datta 
during the season of 18g9 to 1900. The former officer described 
the Kyinsi beds as doubtfully devonian (General Report, 1899-1900, 
page 77), whilst Mr, Datta claimed for the same horizon as well as 
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for the Gokteik beds (7d7d, page 120) an age not older than triassic 
and probably jurassic.! 

In a country such as the northern Shan hills, which is not only 
covered with extensive forests and dense undergrowth, but the sur- 
face of the rocks of which is so greatly disintegrated that frequently 
the actual rock is covered by a soil-cap of some fifty feet in thick- 
ness and more, it is extremely difficult to arrive at anything but 
a mere outline of the geological structure of the area beneath the 
soil-cap, and therefore the details of the geological sections can 
never be more than mere guesses, but fortunately most of the beds 
contain fossils and therefore their ages may be ascertained approxi- 
mately. 

It was not possible to do more than establish a number of 
series of beds, which so far have eluded close comparisons, owing to 
the fact that they mostly occur in localities separated from each 
other by tracts within which none or only very bad exposures have 
been observed. Mr. Datta, for instance, has been describing quite a 
considerable number of such local sub-divisions, which can scarcely 
be compared one with the other, as there is nowhere or at least 
rarely clear evidence of their respective structural relations, Con- 
sequently much that has been assumed is based upon very slender 
evidence, and will probably have to be revised hereafter. 

There are several facts, however, which have been established and 
Older Crystallines with the most important amongst them are: First, 

slates. that the oldest rocks known in the northern 

Shan hills consist of coarse-grained biotite garnetiferous gneiss 

with bands of coarsely crystalline limestone, which latter forms the 

matrix of the rubies of Mogok. Mr. LaTouche also found tour- 

maline granite with gabbro intrusive‘in a mica-schist which follows 

upon these older rocks. The mica-schist seems to pass upwards 

into a slaty series, and the latter may be Cambrian according to 
Mr. LaTouche. 

Above follow several distinct systems of sedimentary rocks, most 

of them fossiliferous. The contact of this com- 

aegis) bee plex of beds with the slates and schists below 

? Note by Mr. LaTouche. “ A word of explanation seems necessary here. On 
first discovering these beds at Kyinsi, I discovered them to be jurassic and entered 
them as such in my field note book. But on my return to head-quarters, I was 


assured positively by Dr. Noetling that some of the fossils at least were devonian, 
and I accordingly referred the beds doubtfully to that age in my progress report.”’ 
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seems invariably to be a faulted one. I think it is evident from the 
preliminary reports sent in by all three observers that within this 
large complex of sedimentary beds at least two unconformities may 
be recognised, and that one of them is a distinct one which may 
be clearly observed. [t occurs above the system of limestones 
and shales, which all observers, including 
Dr, Noetling, who had described it first, deters 
mine as representing both upper and lower silurian. This system, 
which can be well divided into several distinct horizons, has already 
been described by Mr. LaTouche in his progress report, published in 
the General Report for 1899-1900, but a few additions and corrections 
have been recorded, which have not materially changed the general 
sequence of the beds as was described last year. Mr. Datta com- 
prises the whole of the lower silurian under the name of the Tonbo 
beds, and neglects to further sub-divide this series, although several 
clearly defined horizons, each well characterised palzontologically, 
may be distinguished within the lower  silurian, as shown. by 
Mr. LaTouche. : : = 

Between the silurian system and the beds which come next in 
order of deposition a distinct unconformity has 
been observed; the partly denuded silurian 
strata are uncomformably overlaid by a series of beds with badly, 
preserved fossils, which Mr. LaTouche calls the Maymyo beds, and 
which Mr. Datta sub-divides into lower and upper series (the Maymyo 
and Wetwin beds), They were formerly considered as upper silurian 
by Mr. LaTouche and devonian by Mr. Datta, but it seems probable 
that the upper portion of it at least is younger and may possibly 
represent the permian system, A recent find by Mr, LaTouche of 
Calceola sandalina in the Maymyo limestone seems to establish 
the devonian age of at least a portion of this series. 

The contact between the latter and the next younger series of 
beds is somewhat doubtful, but is possibly 
unconformable, at least at a few localities. The 
fact of the matter is, that at several localities, not very close to 
each other, beds may be observed which are rich in fossils, and which 
may or may not represent portions of the same series of strata. As 
yet all the arguments brought forward to prove the superposition in 
natural sequence of the various sub-divisions of these beds are some- 
what apocryphal. Mr,. LaTouche comprises the whole of these 
deposits under the name of the Kyinsi beds, which he formerly 


Silurian, 


Devonian to permian ? 


Mesozoic. 
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believed to belong to the devonian and which he now refers doubt- 
fully to the jurassic system. Mr. Datta believes that these beds may 
be divided into three stages, in ascending order, the Kyauk-Kyan, 
Gokteik and Nawnpeng beds; but until the rich collection of fossils 
which he has obtained during the last year have been carefully 
examined, nothing certain can be said about the necessity of sub- 
dividing the Kyinsi beds of Mr. LaTouche. Dr. Noetling has 
recently visited the localities and examined some of their fossils con- 
tents, and so far seems convinced that the Gokteik beds belong to the 
trias ; several genera of pelecypods point distinctly to an upper triassic 
age, The credit of having first recognised the probable triassic age 
of these beds belongs to Mr. Datta, who has already expressed this 
view in his progress report for the previous year,! in spite of the fact 
that the peculiar stratigraphical relations of the Gokteik beds point 
rather to a paleozoic age of the series of strata, 

It is to be hoped that further research in these localities will lead 
to interesting results, The existence of triassic beds in Burma was 
long ago inferred from some well preserved Daonella species in a 
dark limestone, which have been lying in the Geological Museum for 
many years past, but with regard to the history of which nothing 
reliable was known, beyond that they were believed to come from 
the Karenni country. Mr. Middlemiss was specially deputed, during 
1899-1900, to the northern Karenni country in order to re-discover 
the triassic rocks in which these fossils have been found, but he 
failed toidentify the same. But in view of the fact that triassic beds 
have now been discovered in the northern Shan States, it seems highly 
probable that this system will also be found along the southern margin 
of the Shan “ plateau.” 

According to Mr. Theobald? triassic beds, his so-called “ Axial 
group,” have been found in the southern spurs of the Arrakan Yoma, 
and a Halobia lommelz, Wiss., was found in beds of this “ group,’’ but 
as this fossil is not to be found in the Geological Museum, and a sub- 
sequent survey of some sections of the Arrakan Yoma has not proved 
the existence of beds older than cretaceous, some doubts have been 
expressed as to the correct identification of the fossil, 

Additional interest is now attached to Mr, Theobald’s observa- 
tions ; much of the rocks of the Yoma are developed as flysch, little 


' General Report for 1899-1900, p. 120. 
7 Mem, Geol. Surv. Ind., Vol. X, p. 36. 
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if at all differing from the flysch formation of the Himdlayasand of 
Baluchistan, and as in these localities this flysch facies is also charae- 
terized by great masses of gabbro. The flysch of Baluchistan and of. 
the Himalayas contains many “klippen’’ of older rocks, and it would 
be very interesting to ascertain whether the A’a/odza bearing lime- 
stone, which Mr. Theobald has discovered in the Yoma, does not also 
form a “klippe ’? in the cretaceous flysch, but being very limited in 
extent has eluded re-discovery. 
During the season 1899-1900 a considerable thickness of shales 
Namyoo and Thibaw and coarse brown-red sandstone containing a few 
+ traces of fossils wete found in the northern 
Shan hills, which Mr, LaTouche terms the Namyao and Mr. Datta 
the Thibaw beds. The former observer includes this series of beds 
amongst the paleozoic rocks, whilst Mr. Datta classes them doubt- 
fully with the tertiaries. These rocks have not been met with during 
this year’s progress of surveys, but I wish to draw special attention 
to the same here, as I believe that their real origin has not been 
recognised. In the light of what has already been discovered this 
year, it having been proved that both permian and an older mesozoic 
series of beds exists in the northern Shan hills, it may well be that 
these Thibaw beds represent an upper mesozoic,—probably jurassic 
facies. As a matter of fact these beds seem to resemble the upper 
Gondwana beds somew hat, and it may be that they really represent 
them. Special attention will be devoted to the study of these rocks 
during the next season’s work, 


4.—Assami. 


The area which has been surveyed by Mr, Bose during fast season 
comprises the country south-east of Shillong, 
which may be called the Shillong-Jowai plateau, 
It rises to heights of about 6,500 feet on the northern side and 
thence slopes gently southward to elevations ranging from 1,200 to 
1,500 feet, and then very steeply to the plains of Sythet. The line of 
this steep declivity corresponds closely with the axis of the meno- 
clinal flexure into which the rocks have been thrown at the edge of 


Mr, P. N. Boss. 
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the plateau. At the western end of the area, south of Nongjuri and 
Umia, the axis was found to run W. N. W.—E. S. E., the cretaceous 
and nummulitic strata south of it dipping S.S. W.; at the eastern 
end, south of Sandai, its trend changes to F. N. E.—W.S, W., the 
beds dipping S, S. E, 


(a) The Lertvary System. 


The system was initiated in this area by a period of intermittent 
subsidence, evidenced by the occurrence in its 
lower portion of a clear bluish limestone con- 
taining eocene marine fossils and intimately associated with bands of 
thickish, rather coarse sandstone with shale intercalations in which 
coal is cccasionally developed. The limestone is found in greatest 
force at the foot of the plateau south of the axis of monoclinal flexure 
at Nongjuri where it forms a jagged sharp-crested ridge. It is, how- 
ever, rapidly attenuated eastward, dying out altogether just east of the 
Wamankilla river (Bhobonsora on map). Reappearing south of the 
village of Utamar, it runs about a mile eastward and then disappears, 
not being again met with south of the axis of monoclinal flexure for 
some 20 miles in that direction. This disappearance is apparently 
due to interrupted development, and also to concealment under allu- 
vium, For, east of the Mangat river at the very edge of the plateau at 
Sandai and Nongtalang, the limestone is found fairly well developed, 
forming cliffs, at places 200 feet high, in which occur several very fine 
and large caves; and west of that river, it is traceable (about four or 
five miles from the edge of the plateau) nearly all the way from 
Mauchuni westward to Maokliao through Kundair and Wahmlein 
(near Sangmang), in fragmentary and much concealed outcrops. 
This occlusion of the limestone is due to its underground dissolution, 
the nummulitic ground where its presence or at least former existence 
is presumable, being much broken and presenting a medley of dis- 
placed masses of the associated sandstone. 

North of the axis of monoclinal flexure, the best exposure of the 
limestone I have encountered west of the Mangat is at Wahmlein, 
where it is about 50 feet thick. Hence it was traced northward, 
steadily diminishing in thickness, andin small, far-apart, much- 
obscured patches as far as Nongkredem, 10 miles north of Wahm- 
lein, where in the best exposure it is 14 feet thick, The limestone 


Nummulitic series. 
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is here and at Thanginatte (4 miles south of Nongkredem) overlaid 
by seme 150 to 200 feet of coarseish sandstones with subordinate 
shales, which are sometimes associated with thin seams of coal. The 
sandstones are traceable as far as Madli (about a mile north of 
Nongkredem). 

Superposed to all appearance conformably on the nummulitic 
beds, there occurs south of the axis of monocli- 
nal flexure a series of rather soft, fine-grained 
sandstones with interbedded shales which form low hills elevated 
some 100 to 200 feet above the plains of Sylhet. 


Supra-nummulitic series. 


(2) The Cretaceous System. 


As developed in the southern portion of the Shillong-Jowai 
plateau, where the system attains a maximum 
thickness of over a thousand feet, it is divisible 
into two well-defined series. Of these, the upper consists of a very 
fine-grained, compact, grey or dark-grey sandstone weathering 
yellowish-brown, often more or less calcareous and sometimes 
earthy, with occasional layers of shale. A tendency towards exfolia- 
tion is frequently observable. On the southern border of the plateau 
the greatest thickness of the series amounts to some 400 feet, It 
has yielded a fair number of fossils including a nautilus, two or 
three species, of ammonites and some bivalves and gastropods 
chiefly from the vicinity of Wahmlein and Utamar, west of the 
Mangat, and of Sandai, east of that river. Traced northward it 
thins out, ceases to yield determinable fossils (at least none have been 
obtained as yet), and undergoes lithologic variation indicative of 
shallow-water conditions. 


Upper series. 


The lower series is composed mainly of more or less coarse 
thick-bedded sandstones. On the border of the 
plateau at Utamar, Saingriang, etc., the sand- 
stones are extremely thick-bedded, brownish, and contain abundant 
sub-angular specks of flesh-coloured felspar, which give the rock a 
somewhat tuffaceous aspect. A short distance to the north, how- 
ever, about Sangmang, Kundair, etc., the rock becomes greyish- 
white, andthe felspar disappears. The sandstones are frequently 
conglomeratic towards the base, and _ rarely towards the top as well. 
The conglomerate is very irregularly developed, thickening and thiu- 
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ning out rapidly, but is never altogether absent at least for any 
considerable distance. 

The maximum thickness of the series at the southern extremity 
of the area is not less than 700 feet. Fossils are rare; the few that 
have been found appear to be different from those of the upper 
series. 

At Jowai and its vicinity, there are some coarse sandstones with 
interbedded shales and conglomerates at their base and they 
are occasionally carbonaceous. Though they strongly resemble 
the sandstones which at or near the edge of the plateau rest upon 
nummulitic limestone and have the appearance of passing into the 
latter, Mr. Bose prefers to include them with the cretaceous system 
as Mr, La Touche did when he traversed through Jowai. 

Mr. Bose came across sections which show the. cretaceous 

0 platform on which the nummulitics were laid 

Relation of the cretace- 
ous to the tertiary down to have been at places very uneven, and 
srrtere: argues that this may be due to marine denu- 
dation alone; in fact, the balance of evidence seems to be in favour 
of such a supposition. The close parallelism which is observable 
between the two systems, whether disturbed or not, suggests that 
they were upheaved together and disturbed synchronously; and their 
concurrent increase in ‘thickness and exhibition of deep-water 
characters in the southern direction tend to show that the subsidence 
which began in the cretaceous period continued with intermissions 
until the supra-nummulitic deposits were laid down. 

Rae to tke oide The relation to the older rocks is one of well 
rocks. marked unconformity. 


(c) The Sylhet trap. ; 


The Sylhet trap underlies the cretaceous rocks in deep ‘valleys 
in the southern portion of the plateau at Sangmang and Umia. It is 
absent from the sections in the Mangat and to the east of that river. 


(d) The sub-metamorphic and metamorphic rocks. 


The Shillong series assumes a highly altered aspect at and south 
of Lailangkot and about Puriang on the Shillong-Jowai road, 
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micaceous schist being the predominant rock, and it is noteworthy 
that in both cases the increased metamorphism accompanies igneous 
intrusions on an extensive scale. 

In the vicinity of Jowai Mr. Bose came upon gneiss intimately 
associated with well foliated mica-schist. These rocks are well dis- 
played in the valley of the Mangat, west of Jarain and north of 
Nongpadu. The Jowai area bas not yet been examined in detail. 


(e) Lntrusive rocks. 


The principal occurrences of granite in the area surveyed are 
north of Lailangkot, north of Nartiang, and in 
the southern portion of the valleys of the 
Mangat and the Rangapani. Everywhere it is typically a coarsely 
crystalline rock with large well developed flesh-coloured felspar. 
Its intrusive character is fairly well displayed in the vicinity of 
Lailangkot where it cuts obliquely across the strike of the Shillong 
series, and where, besides, included pieces of the Shillong quartzite 
were occasionally observed in it. 

With regard to the age of the granite, all that can be said is 
that it must have intruded through the Shillong series a long time 
before the deposition of the cretaceous strata, for these were found 
to rest upon amuch denuded surface of the granite in the Mangat 
valley about Kapeuter. 

Besides granite, a dense, heavy, hard black basic rock which 
Mr. Medlicott calls Khasia greenstone in the 
Chera area, is found intrusive in the Shillong 


Granite. 


Khasia greenstone. 


series. 


5.—Sind—a correction. 


A short report on the progress of the work ~ ~° d on by 
Dr. Noetling in Sind during the year 1899 to 1900 cc.itains so many 
printer’s errors and accidental ambiguities that I find it necessary to 
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give a corrected version here. The sequence of the beds of the 
Laki range should be in descending order :— 


® 
i=] ° 
» | Nari stage . 
° 
ea) 
J 
wv 
Qa 
ES 
g Khirthar stage 
3 —— 
& 
iS - 
=) o 
Zs 
= 8 
= ea) 
2 o 
5 5 
Ww o 
co} : 
) | Ranikot stage . 
© 
z 
° 
ond 
a 
= 
= A 
3 3 
214 
= = Jhakmari stage 
ros O 
= w 
= 2 
Qa 
S$ 2 
a) 
br 
n 


_ 


17. Zone of Cerithium, spec. nov. 


16. Zone of Expatagus rostratus, d’Arch. 


15. Zone of Echinolampas discoideus, Dun. 


14. Nodular limestone not subdivided. 


13. Zone of Anomia, spec. nov. 


32. Zone of Cardita, spec. nov. 


11, Zone of Pugnellus, spec. nov. 


10. Zone of Nummulites granulosus, d’Orb. 


g. Alveolina-limestone, 


8. Zone of Macropneustes sbeciosus, Dun. 


7. Zone of Gen. nov. spec. nov. (Rostellavia, Blanf.). 
6. Unfossiliferous sandstone, 

5. Zone of Ostrea lingua, Lam. (?). 

4. Basalt. 


3. Zone of Turritella, spec. nov. 


2. Zone of Cardita beaumonti, d’Arch. 


1. Nodular limestone not subdivided. 


The sequence of beds is throughout a conformable one, and the 
boundary between the cretaceous and the tertiary systems was drawn 
at the base of zone 8, in which the first Nummu/(ttes appear together 
with numerous Macropneustes speciosus, Dun. 
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6.—Himalayas. 


it was originally planned to have an exhaustive study made of the 
Chitichun area of the Central Himalayas, within 
which the highly interesting “Klippen” occur, 
which I described in Records, Vol. XXVI, page 19, but political con- 
siderations made a longer residence within that particular area in- 
advisable and Dr. von Krafft’s researches were therefore restricted to 
the adjoining ground and to the neighbourhood of the Balchdhura 
pass, north of Milam in Kumaon. Dr. von Krafft also found time to 
pay a visit to the Shalshal cliff from where he obtained some good 
fossils. However, before proceeding to the ‘ Klippen” area of the 
Balchdhura he proceeded to Byans (Kumaon) in order to examine 
some special localities already known through my own and 
Mr. F. H. Smith’s work. Dr. von Krafft has come to the conclusion 
that the triassic series of Byans differs somewhat from that of Johar, 
Painkhanda and Spiti, the series between the lower trias and the 
Tropites horizon, which in Spiti amounts to approximately 2,000 feet, 
being reduced in Byans to 250 feet of grey limestone. Another differ- 
ence consists in the occurrence of black shales above the Zvropites 
limestone. Large collections were made, chiefly from the Zropites 
limestone, in addition to those already in hand. 

The local Government having strictly prohibited Dr. Krafft from 
crossing the frontier, he received instructions to proceed to the 
Bambanag cliff and thence to the Laptal area. At the Bambanag 
cliff and subsequently at the Shalshal cliff, which was visited on the 
return march in September, detailed researches were made into the 
muschelkalk, which was found to correspond exactly with that of 
Spiti. The Jower muschelkalk is of much greater thickness than 
was hitherto believed, including in descending order— 


Dr. A. VON KRAFFT.- 


(3) Beds with Ceratites subrobustus and other cephalopoda (see 
General Report, 1899-1900, page 204), in common with 
brachiopoda, among which Szrtferina stracheyt is 
prominent. 

(2) A nodular limestone without fossils. 

/ (t) Thin, earthy limestones with Rhynchonella griesbachi, Bitt., 
etc. It has now been definitely ascertained that Ceratites 
subrobustus does not belong to the lower trias and the 
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term “ sudrobustus beds” in the sense as applied by 
Dr. Diener must be discarded, and it appears certain that 
the lower muschelkalk includes two brachiopod-horizons. 


At the Shalshal cliff Daonella indica was found in great numbers 
25 feet below the “ Traumatocrinus limestone” and immediately 
above the beds with Ptychites rugifer. This small thickness repre- 
sents the ladinic stage, hitherto recorded only from Spiti, where it 
amounts to approximately 300 feet, and is much richer in fossils. The 
“ Traumatocrinus limestone” includes Foannites cymbtformis as 
asserted by E. v. Mojsisovics, and thus corresponds to the shales 
with Foannttes cymbiformts of Spiti. The specimens of this species 
recently found at the Shalshal cliff differ from those which 
v. Mojsisovics had compared with the above-mentioned Alpine 
species. Jvopztes have not been found either at the Bambanag nor 
at the Shalshal cliff, but a well preserved specimen of Griesbachites 
medleyanus, a species of the Tvopztes horizon, was obtained from the 
topmost Daonella beds near Martoli. 

This species occurs in an “ exotic block ”’ north of the Balchdhura 
pass together with Zropfztes. The site of the Zvofztes horizon is there- 
fore, as supposed by E. v. Mojsisovics, immediately below the “‘ az- 
erites beds.” The “ Hauerites’’ and ‘‘ Sagenites beds” are too poor 
in cephalopoda to be termed cephalopod-horizons, as has been done. 
Large collections were obtained from the “ Had/orites beds.” Above 
the “Sagenites beds’? the same quartzite series was found as in 
Spiti. At the Bambanag cliff it includes Aulacothyrts joharensis 
and (?) Spzrigera noetlingt. 

During July and August Dr. v. Krafft examined in detail the area 
east of Laptal, where in 1892 myself, Diener and Middlemiss had 
found “exotic blocks’? The country is chiefly composed of flysch, 
consisting of two main divisions, v7z,, the ‘‘Gieumal sandstone” 
(Stoliczka) and a series of red and black shales and green sandstones, 
which may be assigned to the lower tertiary system. No. Chikkim 
limestone isdeveloped. The flysch is overlain by huge masses of 
basic igneous rocks, v#z., andesites, in common with volcanic breccias 
and tuffs, representing flows, not intrusive rocks as was previously 
assumed. ‘These include innumerable limestone blocks, Most of 
them are massive, grey and unfossiliferous, many are red and a few of 
them -yielded numerous fossils. The following horizons are repre 
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sented among the red limestones; permo-carboniferous (often also 
white limestone), lower trias (horizon of Alemingites rohilla), \adinic 
or lower carnic stage (Daonella indica), Tropites limestone and 
lower lias with Arietztes and Phylloceras (first discovery of lias ammo- 
nites. in India). The grey limestones may be correlated with the 
Dachsteinkalk, but may in part be equivalent in age to the red lime- 
stones. Green sandstones (Gieumal sandstone ?) were also found as 
“exotic blocks ’’, some of them mixed up with shales (Spiti shales ?), 
also various members of the supposed nummulitic series. 

In the neighbourhood of the Balchdhura pass the country is little 
disturbed, but further south the structure becomes more and more 
complicated, tight folds and overthrusts being seen. The lavas 
participate in all the disturbances in the same manner as do the sedi- 
mentary beds, . 

The origin of the exotic blocks must be attributed to violent 
volcanic outbursts, which have brought the blocks up to the surface 
after they were torn from a series of beds zm sztu, This series, 
which in part resembles that of the Hallstatt area, must be supposed 
to be buried underneath the neighbouring Tibetan plain and where 
the lavas are known to be widely distributed. The volcanic out- 
bursts no doubt occurred during the older tertiaries and were pre- 
sumably preceded by a short period of denudation, while they were 
followed by those disturbances that led to the ultimate upheaval 
of the Himalayas. 

The lower trias and the productus beds of the Himalayas have 

to a certain extent served in recent times as a 
‘Dr, F. NOETLING. — key to the correct interpretation of the similar 
Lower trias' of _ the A F ; ‘ 
Himdlayas ana of the horizons occurring elsewhere in India, notably 
Sait 7a78 o in the Salt range, where Dr. Noetling was 
carrying on special researches during the cold weather of 1899 to 
1900 which have already. been noticed in last year’s General Report, 
page 41. In the “Neue Jahrbuch fir Mineralogie, etc.,’’ for 1900, 
pages 139 to 141, he sets forth his views more fully, and they were 
answered by Professor C. Diener in the ‘‘ Centralblatt ” for 1g00, 
pages1to5. The main idea expressed in Dr. Noetling’s paper in the 
“Neue Jahrbuch” differs slightly from the notice of his work given 
in last year’s General Report; he held the view that we must include 
the entire series of ceratite beds of the Salt range with the permian 
system, The report that he has found true Ofoceras, probably O. 
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woodwarat, Gries,, has since turned out to be incorrect, as already 
noticed on page 42 of my General Report for the year 1899-1900. 

The views which Dr. Noetling expressed in the ‘ Neue Jahr- 
buch” and in the reports which he has sent in, differed so much from 
my own and those of previous observers in the Himalayan and Salt 
range areas, that I determined to depute him to several of the best 
known localities in the Central Himalayas, in order to study the boun- 
daries between the undoubted permian and the Otoceras beds, 
When I myself worked out the sequence of strata from the lowest 
silurian to jurassic systems I recognised at once that a consider- 
able thickness of beds occurred between the productus beds and the 
undoubted muschelkalk, the latter of which was already known to 
occur in India. This intercalated series of beds yielded many 
fossils, amongst others my new genus Ofoceras, which is found in 
hard limestone (bed 2), z.¢., in the stratum which rests immediately on 
the dark productus shales, which latter yielded numerous productus 
species and in harder layers many brachiopods of permian type. 

After considerable thought I decided to include the whole series 
from “bed 2” to the lowest beds of the muschelkalk with the lower 
trias, although the very lowest horizons of this series 1 looked upon 
as “ passage beds”’ (see Memoirs, XXIII, page 147) :— 

“T regard them as permian,' and the Otoceras beds above as a 
passage series from the permian into the lower trias, with which 
it is structurally closely connected in the Central Himalayas. The 
upper beds of this division must then be a representative of the 
lowest trias. The fauna contained in it, though some of the species 
remind one of similar forms found in the Alpine Buntsandstein 
(Werfen beds), has, on the whole, rather a permian character than 
triassic.” 

Dr. Noetling adopts this view also, but goes further, inasmuch as 
he draws the actual boundary between the permian and trias systems 
above the Otoceras beds and below certain beds of the series, which 
contain MZeekoceras sp.—l! prefer to consider them still as true 
passage beds; of the types contained in them some may be referred 
to permian forms, but some, especially bivalves, to lower trias 
(Werfen) beds, but it appears certain that none of the Productus 
species ascend into O¢oceras yielding strata. 


2 The black shales with Productus. 
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Dr. Noetling has now divided this series of beds, which form. am 
uninterrupted complex of thin limestoneand shale layers, into four 
palzontological zones, and draws the boundary between the permian 
and trias systems above the lower two horizons, the very beds in fact 
which I call passage beds in the paragraph quoted from my report 
on the Central Himalayas. 

In the lower beds of limestone and shales with Ovsoceras woods 
wardt or Ophiceras tibeticum he recognises two horizons; these are 
overlaid by beds with Meekoceras noetling?, Krafft, followed by 
beds with Hedenstremta spec., which were termed erroneously 
sub-robustus beds formerly. These two latter horizons Dr. Noetling 
asserts, form the lower trias in the Himdlayas, whilst the zone of 
Otoceras woodwarat, Gries., and Ophiceras tibeticum, Gries., would 
represent the uppermost beds of the permian, This view is strongly 
supported by the occurrence of Medlicottia dalatlamz, Dien., 
which according to Dr, Noetling is identical with Medlicotiia wynnez, 
Waag., a species which hitherto has been found in permian beds. 
only. Asthe genus Ofoceras occurs elsewhere in permian beds 
only, my original view that the Otoceras beds are approximately 
of the same age as the Julfa beds in Armenia is fully corroborated 
by Dr, Noetling’s researches, 


7.— Baluchistan. 


Owing to the severe cold which prevails in winter at the high 
level of the Kojdk hills and the upper Zhob 
Se ee valley, it was found more convenient to per- 
mit Mr. Vredenburg to commence work in the Chdgai and Nushki 
districts, Observations made during a journey performed in 1898- 
99 are being published in the Memoirs, Volume XXXI, and a closer 
examination has now been made of some of the regions therein 
mentioned, and also of some adjoining districts which could not be 
visited on that first occasion. 
Special attention was paid first of all to the Chapar range, a long 
_ line of high-dipping limestones situated some 
Chapar range. Fossils Frteen miles south of Chagai and running in 
an east-west direction. It was pointed out in the Memoir above 
mentioned, that the limestone resembles some rocks of upper creta-« 
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ceous age that form, further west, a hill called Malik Gatt. But no 
fossils could be found in the eastern part of the range, the ‘‘ Masd- 
nen Chapar.’’ A fossiliferous band, however, has been discovered 
in the upper beds of the limestone of the “ Kas4nen Chapar,”’ which 
is the western extension of that same range. The main fossiliferous 
band is scarcely more than one foot in thickness, but its outcrop 
can be followed for a distance of several miles, and a numerous 
collection of fairly well preserved specimens has been gathered, 
amongst which the species Cardzta beaumont is specially abundant. 
It characterises the upper cretaceous horizon in Sind and in Balu- 
chistan, and in the present instance it belongs to the variety dalu- 
chistanensts described by Dr. Noetling. Other genera, some of 
which are represented by several species, are Ostrea, Leda, Modiola, 
Cardium, Corbula, Natica, Turbo, Pugnelius, Rostellaria, Certs 
thium, Turritella. At a slightly higher horizon are found some 
dwarfed specimens of Cardita, Nertta, Naittca and some Cerithidz. 
The strata overlying these fossiliferous beds are shales and sand- 
stones with vegetable impressions which have an estuarine appear- 
ance, and recall some of the Ranikot beds in Sind met with at a 
similar horizon. The shales are sometimes carbonaceous. Only 
a small thickness of these beds is exposed: owing to the northerly 
dip, the section generally ascends in a northerly direction, with many 
repetitions due to folds and faults, and it is soon interrupted by a 
great intrusion of quartz-diorite. The main limestone mass, together 
with the more or less shaly partings in its upper and lower portion, 
has a thickness of about 300 feet. The compact portion of the 
limestone consists principally of reef-building corals which are 
only seen on the weathered surface. It rests upon a considerable 
thickness of green shales and sandstones, similar in appearance to 
those that constitute the Kojak hills, and, lithologically indistinguishs 
able from other masses of shales which outcrop in other parts of 
this district and which the presence of zummudites shows to be 
tertiary. In the case of the Chapar hills, notwithstanding a con- 
siderable amount of disturbance, the section is sufficiently clear 
and continuous to leave no doubt as to the inferior position of the 
shales, relatively to the upper cretaceous limestone, It is therefore 
evident that these green shales occur both amongst the upper 
cretaceous and the eocene strata, and, as the rocks are often unfos- 
sitiferous and the structure usually highly disturbed, there must 
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remain many instances where it is difficult to decide to what period 
they belong. It is interesting to note that some conglomerates 
interbedded with the shales of the Chapar, contain rolled pebbles of 
hippuritic limestone, showing that the latter rock was exposed to 
denudation before the close of the cretaceous period. 

The structure of the Chapar hills is a complicated one, with 
numerous folds and overthrusts in two directions at right angles 
to one another, but, as made evident by the fairly good preservation 
of the fossils, the disturbance is not so extreme in its character as 
in the Khardn hills to be mentioned hereafter. Slaty cleavage, almost 
universally present in the Khardn hills, does not affect the shales of 
the Chapar range, 

The Khar4n mountains form the southern limit of the desert 
which constitutes the Nushki-Chdgai district. 
The northern watershed belongs to that area 
while the part south of the watershed is included within the 
territories ruled by Sirdar Sir Naoraz Khdn of Khardn. Several 
portions of this range were visited during the preliminary examina- 
tion of the district, and are described in the Memoir above-men- 
tioned, attention being drawn to the very irregular structure of these 
mountains, During the present season, the survey was carried 
further west than previously. Between the longitudes 64° 15’ and 
65° 15 E, the mountain mass may be divided into three zones: a 
northern zone consisting mainly of intrusive rocks; a middle zone, 
principally shales converted into slates; and a southern zone con- 
sisting of tall limestone ridges. To the northern zone belong the 
great intrusions of the Ras Koh, details of which have already been 
published. Further west, another intrusive mass has been discovered 
south and south-west of Dalbandin. Like the Ras Koh, it forms 
an oval outcrop along the northern edge of the mountainous region. 
The topographical maps available, although very accurate, are on 
too small a scale to show the intricate detail of these igneous rocks. 
Nevertheless, these rocks have been studied very carefully, with a 
view to comparing them with some igneous intrusions yet unsur- 
veyed in the Kojak range, the topography of which has been worked 
out in much greater detail, The rocks forming the intrusive mass 
south to Ddlbandin belong to many different varieties. The centre 
of the mass contains the coarsest-grained rocks, and these differ 
from the surrounding ones not only by their texture, but also by 


Kharan hills. 
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their composition, which is more acid. They are pale-coloured 
syenites, while the surrounding rocks are diorites and diorite-por- 
phyries. The syenite sends veins into the basic rocks and includes 
fragments of them, showing that it was intruded last. The numerous 
varieties of diorite do not form concentric zones round this syenitic 
nucleus, but are dovetailed ina very irregular manner. In the southern 
portion of the outcrop, the texture remains a fine-grained granitic one 
even quite close to the edge of the outcrop, while along the northern 
edge there are hills entirely made up of porphyry. The sedimentary 
rocks are considerably altered at their junction with the intrusion, 
and great lenticular masses of strata are often included in the very 
midst of the plutonic mass which, when seen from a distance, assumes 
quite a stratified appearance. It is probable that some of the slates 
have been actually fused, or at least dissolved, and that the admix- 
ture of their material with that of the igneous intrusion may account 
partly for the very irregular composition of the latter, As in the 
Ras Koh, the rocks of the igneous mass are generally remarkable for 
the absence of quartz and the presence of a large proportion of 
sphene, 

The southern zone of the mountain mass, that bordering the 
northern edge of the Khardn desert, consists of numerous tal] ridges 
of limestone. All these ridges are repetitions of .one band of 
nummulitic limestone about 350 feet thick, At Jélawar there are no 
less than seven of these parallel ridges, sometimes with a distinct 
synclinal or anticlinal structure, more frequently very irregularly 
faulted and fractured, The Khardn desert is limited to the north 
by an almost vertical wall formed sometimes by the upper, sometimes 
by the lower surface of the tilted limestone. Only tue most northern 
of these limestone ridges was seen during the preliminary examination 
of this country. Their eastern limit has not been observed. The 
outcrop extends from at least the neighbourhood of Khar4n in an 
easterly direction up to Long. 64° 25E, west of which they sink 
beneath the alluvium of the desert. The strike of these ridges is very 
regular and runs a few degrees north of east, while in the middle zone 
of the mountain mass, the zone extending between the limestone 
ridges to the south and igneous intrusions to the north, the ridges 
strike north-east, It seems that during the process of folding of 
the strata, considerable portions of the rocks have been displaced in 
such a manner as to glide past one another horizontally, in addition 
to the more or less vertical displacements which haye resulted in 
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ordinary flexures and overthrusts. Slaty cleavage is the general 
rule, and it is to be noticed that the cleavage planes strike north-east 
like the ranges of the middle zone, and that in the southern zone, 
where the shales associated with the nummulitic limestone are also 
slaty, the strike of the cleavage does not change, and hence it crosses 
the strike of the stratification at an angle of about 30° 

As already stated in the Memoir now in the press, the greenish-grey 
slates of this range, with occasional bands of sandstone and limestone, 
are all tertiary as is shown by the zummulttes which their limestone 
bands contain. But, beyond showing that they are eocene, the circum- 
stances observed do not allow their age to be determined with any 
closer approximation. Except nummulites and alveoline, no other 
fossils can be recognised, and although there is no doubt as to their 
generic attribution, they are so badly preserved that specific deter. 
minations are scarcely reliable. Occasionally the species V. granue 
losa can be recognised, but it is one that has a wide geological 
range. It is not even possible to tell for certain whether these strata 
are generally newer or older than the limestone of the southern 
ridges, for the same monotonous succession of green shales is 
observed both above and below that limestone. In the western 
portion of the range which has been latterly examined, there is a 
series of bright-coloured shales interstratified with beds containing 
a-large proportion of volcanic material, The disturbed structure 
and the complete absence of fossils do not allow the age of these 
beds to be fixed, though it is probable that they are either upper 
cretaceous or lower tertiary, 

It should be noted that the situation of the intrusive masses does 
not stand in any relation to the occurrence or otherwise of slaty 
cleavage, for considerable intrusions exist both in the neighbour- 
hood of the Chapar ranges where the shales are not cleaved, and in 
the Khardn mountains, which consist almost entirely of well-cleayed 
slates. Indeed, the cleavage becomes less distinct in the immediate 
neighbourhood of the plutonic rocks owing tothe effects of contact 
alteration, 

Special attention was paid to the possible existence of useful 
minerals, as great efforts are being made at 
present to develop this region. Nearly all the 
igneous rocks are cupriferous, especially the more basic varieties, 
and it is possible therefore that there may exist local accumulations 


Minerals. 
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of copper ore in paying quantity, but none have been met with so 
far. Signs of the existence of petroleum were observed in the 
nummulitic limestone and shales along the southern border of the 


Khardn hills. 


CALCUTTA, C. L. GRIESBACH, Director, 
Geological Survey of India, 


The jist March 1901. 


Part 3.—Note on the progress of the gold industry in Wynaad, Nilgiri district. Notes on the 
representatives of the Upper Gondwana series in Trichinopoly and Nellore-Kistna districts. 
- Senarmontite from Sarawak. 


Part 4.—On the geographical distribution of fossil organisms in India. Submerged forest on 
Bombay Island. 


VoL. XII, 1879. 


Part 1.—Annual report for 1878. Geology of Kashmir (third notice). Further notices of Siwalik 
mammalia. Notes on some Siwalik birds. Notes of a tour through Hangrang and Spiti, 
On a recent mud eruption in Ramri Island (Arakan). On Braunite, with Rhodonite, 


from near Nagpur, Central Provinces. Palzeontological notes from the Satpura coal-basin. 
Statistics of coal importations into India. 


Part 2.—On the Mohpani coal-field. On Pyrolusite with Psilomelane occurring at Gosalpur, 
Jabalpur district. A geological reconnaissance from the Indus at Kushalgarh to the Kurram 
_at Thal on the Afghan frontier, Further notes on the geology of the Upper Punjab. 


Part 3.—On the geological features of the northern part of Madura district, the Pudukota 
State, and the southern parts of the Tanjore and Trichinopoly districts included within the 
limits of sheet 80 of the Indian Atlas. Rough notes on the cretaceous fossils from Trichino- 
poly district, collected in 1877-78. Notes on the genus Sphenophyllum and other Equise- 
taceze, with reference to the Indian form Trizygia Speciosa, Royle (Sphenophyllum Trizy- 
gia, Ung.). On Mysorin and Atacamite from the Nellore district. Oncorundum from the 
Khasi Hills. On the Joga neighbourhood-and old mines on the Nerbudda, 


Part 4.—On the ‘ Attock Slates’ and their probable geological position. Ona marginal bone of 
an undescribed tortoise, from the Upper Siwaliks, near Nila, in the Potwar, Punjab. Sketch 
of the geology of North Arcot district. On the continuation of the road section from Murree 
to Abbottabad. 


Vo.. XIII, 1880. 


Part 1.—Annual report for 1879. Additional notes on the geology of the Upper Godavari basin 
in the neighbourhood of Sironcha. Geology of Ladak and neighbouring districts, being 
fourth notice of geology of Kashmir and neighbouring territories. Teeth of fossil fishes from: 
Ramri Island andthe Punjab. Note on the fossil genera Néggerathia, Stbg., Néggerathiop- 
sis, Fstm., and Rhiptozamites, Schmalh., in palzeozoic and secondary rocks of Europe, Asia, 
and Australia. Notes on fossil plants from Kattywar, Shekh Budin, and Sirgujah.’ On vol- 
canic foci of eruption in the Konkan, 


Part 2.—Geological notes. Palzontological notes on the lower trias of the Himalayas. On the 
artesian wells at Pondicherry, and the possibility of finding such sources of water-supply at 
Madras. 


Part 3.—The Kumaun lakes. On the discovery of a celt of palzolithic type in the Punjab. Palzee 
ontological notes from the Karharbari and South Rewah coal-fields. Further notes on the 
correlation of the Gondwana flora with other floras, Additional note on the artesian wells at 
Pondicherry. Saltin Rajputana. Record of gas and mud eruptions on the Arakan coast 
on 12th March 1879 and in June 1843. 


Part 4.—On some pleistocene deposits of the Northern Punjab, and the evidence they afford 
of an extreme climate during a portion of that period. Useful minerals of the Arvali region, 
Further notes on the correlation of the Gondwana flora with that of the Australian coal- 
bearing system, Note on reh or alkali soils and saline well waters. The reh soils of Upper 
India. Note on the Naini Tal landslip, 18th September 1880. 


Von. XIV, 1881. 


Part 1.—Annual report for 1880. Geology of part of Dardistan, Baltistan, and neighbouring 
districts, being fifth notice of the geology of Kashmirand neighbouring territories. Note on 
some Siwalik carnivora. The Siwalik group of the Sub-Himalayan region. On the South . 
Rewah Gondwana basin. On the ferruginous beds associated with the basaltic rocks of 
north-eastern Ulster, in relation to Indian laterite. On some Rajmahal plants, Travelled 
blocks of the Punjab. Appendix to ‘ Palzontological notes on the lower trias of the Hima- 
layas,’ On some mammaiian fossils from Perim Island, in the collection of the Bombay Branch. 
of the Royal Asiatic Society, : 


Part 2.—The Nahan-Siwalik unconformity in the North-western Himalaya. On some Gondwana 
vertebrates. On the ossiferous beds of Hundes in Tibet. Notes on mining records, and the 
mining record office of Great Britain; and the Coaland Metalliferous Mines Acts of 1872 
(England). On cobaltiteand danaite from the Khetri mines, Rajputana; with some remarks 
on Jaipurite (Syepoorite), Onthe occurrence of zinc ore (Smithsonite and Blende) with 
barytes, in the Karnul district, Madras. Notice of a muderuption in the island of Cheduba. 


Part 3.—Artesian borings in India. On oligoclase granite at Wangtu on the Sutlej, North-west — 
Himalayas. Ona fish-palate from the Siwaliks. Palzontological notes from the Hazaribagh 
and Lohardagga districts, Undescribed fossil carnivora from the Siwalik hills in the collec- 
tion of the British Museum. 


Part 4.—Remarks on the unification of geological nomenclature and cartography. On the geo- 
logy of the Arvali region, central and eastern. On a specimen of native antimony ob- 
tained at Pulo Obin, near Singapore. On Turgite from the neighbourhood of Juggiapett, 
Kistnah district, and on zinc carbonate from Karnul, Madras. Note on the section 
from Dalhousie to Pangi wid the Sach Pass. On the South Rewah Gondwana basin. 
Submerged forest on Bombay Island. 


VoL. XV, 1882. 


Part 1.—Annual report for 1881. Geology of North-west Kashmir and Khagan (being sixth 
notice of geology of Kashmir and neighbouring territories). On some Gondwana laby- 
rinthodonts. .On some Siwalik and Jamna mammals, The geology of Dalhousie, North- 
west Himalaya, On remains of palm leaves from the (tertiary) Murree and Kasauli beds 
in India. On Iridosmine from the Noa-Dibing river, Upper Assam, and on platinum 
from Chutia Nagpur. On (1) a copper mine lately opened near Yongri hill, in the Dar- 
jiling district ; (2) arsenical pyrites in the same neighbourhood ; (3) kaolin at Darjiling 
(being 3rd appendix to a report on the geology and mineral resources of the Darjiling 
district and the Western Duars). Analyses of coal and fire-clay from the Makum coal- 
field, Upper Assam. Experiments on the coal of Pind Dadun Khan, Salt-range, with 
reference to the production of gas, made April 20th, 1881. Report on the proceedings 
and result of the International Geological Congress of Bologna, 


Part 2.—General sketch of the geology of the Travancore State. The Warkilli beds and 
- reported associated deposits at Quilon, in Travancore. Note on some Siwalik and Narbada 
fossils. On the coal-bearing rocks of the valleys of the Upper Rer and the Mand rivers in 
Western Chutia Nagpur. On the Pench river coal-field in Chhindwara district, Central 
Provinces. On borings for coal at Engsein, British Burma. On sapphires recently 
discovered in the North-west Himalaya. Notice of a recent eruption from one of the 
mud volcanoes in Cheduba. 


Part 3.—Note on the coal of Mach (Much) in the Bolan Pass, and of Sharag or Sharigh on 
the Harnai route between Sibi and Quetta. New faces observed on crystals of stilbite from 
the Western Ghats, Bombay. On the traps of Darang and Mandi in the North-western 
Himalayas. Further note on. the connexion between the Hazara and the Kashmir series. 
On the Umaria coal-field (South Rewah Gondwana basin). The Daranggiri coal-field, Garo 
Hills, Assam. On the outcrops of coal in the Myanoung division of the Henzada district. 


Part 4.—On a traverse across some gold-fields of Mysore. . Record of borings for coal at Bed- 
dadanol, Godavari district, in 1874. Note on the supposed occurrence of coal on the 
Kistna. 


VoL, XVI, 1883. 


Part 1.—Annual report for 1882. On the genus Richthofenia, Kays (Anomia Lawrenciana, 
Koninck). On the geology of South Travancore. On the geology of Chamba. On the 
basalts of Bombay. 


Part a.—Synopsis of the fossil vertebrata of India. On the Bijori Labyrinthodont. On a skull of 
Hippotherium antilopinum. On the iron ores, and subsidiary materials for the manufacture 
of iron, in the north-eastern part of the Jabalpur district. On laterite and other mangane 
ese Ore occurring at Gosulpore, Jabalpur district. Further notes on the Umaria coal-field, 


Pavt 3.—On the microscopic structure of some Dalhousierocks. Onthelavasof Aden. Onthe 
probable occurrence of Siwalik strata in China and Japan. On the occurrence of Mastodoa 
angustidens in India. On atraverse between Almora and Mussooree made in October 1882, 
Qn the cretaceous coal-measures at Borsora, in the Khasia Hills, near Laour, in Sylhet, 


Part 4.—Palzontological notes from the Daltonganj and Hutar coal-fields in Chota Nagpur. 
On the altered basalts of the Dalhousie region in the North-western Himalayas. On the 
microscopic structure of some Sub-Himalayan rocks of tertiary age. On the geology of 
Jaunsar and the Lower Himalayas. On a traverse through the Eastern Khasia, Jaintia, and 
North Cachar Hills. On native lead from Maulmain and chromite from the Andaman 
Islands, Notice of a fiery eruption from one of the mud volcanoes of Cheduba Island, Arakan. 
Notice.—Irrigation from wells in the North-Western Provinces and Oudh. 


VoL. XVII, 1884. 


Part s.—Annual report for 1883. Considerations on the smooth-water anchorages or mud 
banks of Narrakal and Alleppy onthe Travancore coast. Rough notes on Billa Surgam and 
other caves in the Kurnool district. On the geology of the Chuari and Sihunta parganas 
Sy Chamba. On the occurrence of the genus Lyttonia, Waagen, in the Kuling series of 

ashmir. 


Part 2.—Notes on the earthquake of 31st December 1881. On the microscopic structure of 
some Himalayan granites and gneissose granites. Report on the Choi coalexploration. On 
the re-discovery of certain localities for fossils in the Siwalik beds. On some of the mineral 
resources of the Andaman Islands in the neighbourhood of Port Blair. The intertrappean 
beds in the Deccan and the Laramie group in western North America, 


Past 3.—On the microscopic structure of some Arvali rocks. Section along the Indus from the 
Peshawar Valley to the Salt-range. On the selection of sites for borings in the Raigarh- 
Hingir coal-field (first notice). Note on lignite near Raipore, Central Provinces, The Tur- 
quoise mines of Nishapfir, Khorassan. Notice of a further fiery eruption from the Minbyin 
mud volcano of Cheduba Island, Arakan. Report on the Langrin coal-field, South-west 
Khasia Hills. Additional notes on the Umaria coal-field. 


Part 4.—On the Geology of part of the Gangasulan pargana of British Garhwal. On frag- 
ments of slates and schists imbedded in the gneissose granite and granite of the North- 
west Himalayas. On the geology of the Takht-i-Suleiman. On the smooth-water anchor- 
ages of the Travancore coast. On auriferous sands of the Subansiri river, Pondicherry 
lignite, and Phosphatic rocks at Musuri. Work at the Billa Surgam caves, 


Vou. XVIII, 1885. 


Part 1.—Annual report for 1884. On the country between the Singareni coal-field and the 
Kistna river. Geological sketch of the country between the Singareni coal-field and Hy- 
derabad. On coal and limestone in the Doigrung river, near Golaghat, Assam. Homo- 
taxis, as illustrated from Indian formations. Afghan field-notes. 


Part 2.—A fossiliferous series in the Lower Himalaya, Garhwal. Onthe probable age of the 
Mandhali series in the Lower Himalaya. On a second species of Siwalik camel (Camelus 
Antiquus, nobis ex Fale. and Caut. MS.). On the Geology of Chamba. On the probabi- 
lity of obtaining -water by means of artesian wells in the plains of Upper India. Further 
considerations upon artesian sources in the plains of Upper India. On the geology of the 
Aka Hills. On the alleged tendency of the Arakan mud volcanoes to burst into eruption 


most frequently during the rains. Analyses of phosphatic nodules and rock from Mus» 
sooree, 


Part 3.—On the Geology of the Andaman Islands. On a third species of Merycopotamus. 
Some observations on percolation as affected by current. Notice of the Pirthalla and 
Chandpur meteorites. Report on the oil-wells and coal in the Thayetmyo district, British 
Burma. On some antimony deposits in the Maulmain district. On the Kashmir earthe 
quake of goth May 1885. On the Bengal earthquake of 14th July i885. 


Part 4.—Geological work in the Chhattisgarh division of the Central Provinces. On the Bengal 
earthquake of July 14th, 1885. On the Kashmir earthquake of joth May 1885. On the 
results of Mr. H. B. Foote’s further excavations in the Billa Surgam caves, On the 
mineral hitherto known as Nepaulite. Notice of the Sabetmahet meteorite. 


VoL. XIX, 1886. 


Part 1.—Annual report for 1885. On the International Geological Congress of Berlin. On 
some Palzozoic Fossils recently collected by Dr. H. Warth, in the Olive group of the Salt- 
range. On the correlation of the Indian and Australian coal-bearing beds. Afghan and 
Persian Field notes. On the section from Simla to Wangtu, and on the petrological 
character of the Amphibolites and Quartz-Diorites of the Sutlej valley. 


Part 2.—On the Geology of parts of Bellary and Anantapur districts. Geology of the Upper 
Dehing basin inthe Singpho Hills. On the microscopic characters of some eruptive rocks 
from the Central Himalayas. Preliminary note onthe Mammalia of the Karnul Caves. Me- 

-morandum on the prospects of finding coalin Western Rajputana. Note on the Olive 
Group of the Salt-range. On the discussion regarding the boulder-beds of the Salt-range. 
On the Gondwana Homotaxis. 


Part 3.—Geological sketch of the Vizagapatam district, Madras. Preliminary note on the — 
geology of Northern Jesalmer. On the microscopic structure of some specimens of the 
Malani rocks of the Arvaliregion. Onthe Malanjkhandi copper-ore in the Balaghat dise 
trict; CP. 


Part 4.—On the occurrence of petroleum in India. On the petroleum exploration at Khd&tan, 
Boring exploration in the Chhattisgarh coal-fields. Field-notes from Afghanistan: No. 3, 
Turkistan, Notice ofa fiery eruption from one of the mud volcanoes of Cheduba Island, 
Arakan. Notice of the Nammianthal aerolite. Analysis of gold dust from the Meza val- 
ley, Upper Burma. : 


Vo. XX, 1887. 


Part z.—Annual report for 1886.. Field-notes from Afghanistan: No, 4, from Turkistan to 
India. Physical geology of West British Garhwal; with notes on a route traverse through 
Jaunsar-Bawar and Tiri-Garhwal. Onthe geology of the Garo Hills. On some Indian 
image-stones. On soundings recently taken off Barren Island and Narcondam. On a 
character of the Talchir boulder-beds. Analysis of Phosphatic Nodules from the Salt- 
range, Punjab. : 

Part 2.—The fossil vertebrata of India. On the Echinoidea of the cretaceous series of the 
Lower Narbada Valley, with remarks upon their geological age. Field-notes: No, 5—to 
accompany a geological sketch map of Afghanistan and North-eastern Khorassan, On 
the microscopic structure of some specimens of the Rajmahal and Deccantraps. On the 
Dolerite of the Chor. On the identity of the Olive series in the east with the speckled 
sandstone in the west of the Salt-range in the Punjab. 


Part 3—The retirement of Mr. Medlicott. Notice of J. B. Mushketoff’s Geology of Russian 
Turkistan. Crystalline and metamorphic rocks of the Lower Himalaya, Garhwal, and 
Kumaun, Section I. Preliminary sketch of the geology of Simla and Jutogh. Noteon the - 
‘Lalitpur’ meteorite. 

Part 4.—Note on some points in Himalayan geology. Crystalline and metamorphic rocks of 
the Lower Himalaya, Garhwal, and Kumaun, Section II. The iron industry of the western 
portion of the district of Raipur. Notes on Upper Burma, Boring exploration in the 
Chhattisgarh coal-fields. (Second notice.) Some remarks on Pressure Metamorphism, 
with reference to the foliation of the Himalayan Gneissose=Granite. A list and index 
of papers on Himalayan Geology and Microscopic Petrology, published in the preceding 
volumes of the Records of the Geological Survey of India. 


VoL. XXI, 1888. 


Part 1,—Annual report for 1887. Crystalline and metamorphic rocks of the Lower Himalaya, 
Garhwal, and Kumaun, Section III. The Birds’-nest or Elephant Island, Mergui Archi- 
pelago. Memorandum on the results of an exploration of Jessalmer, with a view to the 
discovery of coal. A facetted pebble from the boulder bed (‘speckled sandstone’) of 
Mount Chel in the Salt-range in the Punjab. Examination of nodular stones obtained 
by trawling off Colombo. ; 

Part 2.—Award of the Wollaston Gold Medal, Geological Society of London, 1888. The Dhar- 
war System, the chief auriferous rock series in South India. On the Igneous rocks of the 
districts of Raipur and Balaghat, Central Provinces, On the Sangar Marg and Mehowgale 
coal-fields, Kashmir. 

Part 3.—The Manganese Iron and Manganese Ores of Jabalpur. ‘The Carboniferous Glacial 
Period.’ The sequence and correlation of the pre-tertiary sedimentary formations of the’ 
Simla region of the Lower Himalayas. 

Part 4.—On Indian fossil vertebrates. On the geology of the North-west Himalayas. On 
plown-sand rock sculpture. Re-discovery’of Nummulites in Zanskar, On some mica- 
traps from Barakar and Ranigan)j. 


Vor, XXII, 1889. 


Part r.—Annual report for 1888. The Dharwar System, the chief auriferous rock-series in 
. South India. (Second notice.) On the Wajra Karur diamonds, and on M. Chaper’s 
alleged discovery of diamonds in pegmatite near that place. On the generic position of 
the so-calied Plesiosaurus Indicus. On flexible sandstone or Itacolumite, with special 
reference to its nature and mode of occurrence in India, and the cause of its flexibility. 

On Siwalik and Narbada Chelonia. 


Part 2.—Note on Indian Steatite. Distorted pebbles in the Siwalik conglomerate. ‘The Car. 
boniferous Glacial Period.’ Notes on Dr. W. Waagen’s ‘Carboniferous Glacial Period.’ 
On the oil-fields of Twingoung and Beme, Burma. The gypsum of the Nehal Nadi, 
Kumaun. On some of the materials for pottery obtainable in the neighbourhood of Jabal- 
pur and of Umaria. 


Part 3.—Abstract report on the coal outcrops in the Sharigh Valley, Baluchistan. On the 
discovery of Trilobites by Dr. H. Warth in the Neobolus beds of the Salt-range. Geolo- 
gical notes. On the Cherra Poonjee coal-field, in the Khasia Hills. Ona Cobaltiferous. 
Matt from Nepal. The President of the Geological] Society of London on the Interna. 
tional Geological Congress of 1888. Tin-mining in Mergui district. 


Part 4—On the land-tortoises of the Siwaliks. On the pelvis of a ruminant from the 
Siwaliks. Recent assays from the Sambhar Salt-Lake in Rajputana. The Manganiferous 
Iron and Manganese Ores of Jabalpur. On some Palagonite-bearing raps of the R4jmah4l 
hills and Deccan. On tin-smelting in the Malay Peninsula. Provisional index of the local 
distribution of important minerals, miscellaneous minerals, gemstones, and quarry stones 
in the Indian Empire.- Part 1. 


VoL. XXIII, 1890. 


Part 1.—Annual_report for 1889. On the Lakadong coal-fields, Jaintia Hills. On the Pecto. 
ral and pelvic girdles and skull of the Indian. Dicynodonts. On certain vertebrate 
remains from the Nagpur district (with description of a fish-skull). Crystalline and 
metamorphic rocks of the Lower Himalayas, Garhw4l and Kumaun, Section IV. On the 
bivalves of the Olive-group, Salt-range. On the mud-banks of the Travancore coast. 


Part 2.—On the most favourable sites for Petroleum explorations in the Harnai district, Baluch- 
istan. The Sapphire Mines of Kashmir. The supposed Matrix of the Diamond at 
Wajra Karur, Madras. The Sonapet Gold-field. Field Notes from the Shan Hills (Upper 
Burma). A description of some new species of Syringospheridz, with remarks upon 
their structures, &c. 


Part 3.—Gn the Geology and Economic Resources of the Country adjoining the Sind-Pishin 
Railway between Sharigh and Spintangi, and of the country between it and Khattan 
(with a map). Report of a Journey through India in the winter of 1888-89, by Dr. 
Johannes Walther, translated from the German, by R. Bruce Foote. On the Coal-fields 
of Lairungao, Maosandram, and Mao-be-lar-kar, in the Khasi Hills (with 3 plans). 
Further Note on Indian Steatite. Provisional Index of the Local Distribution of Important 
Minerals, Miscellaneous Minerals, Gem Stones, and Quarry Stones in the Indian Empire 
(continued from p. 286, Vol. XXII). 


Part 4.—Geological sketch of Naini Tal; with some remarks on the natural conditions govern- 
ing mountain slopes (with a map and plate). Notes on some Fossil Indian Bird Bones. 
The Darjiling Coal between the Lisu and the Ramthi rivers, explored during season 
1890-91 (with a map). The Basic Eruptive Rocks of the Kadapah Area. The Deep 
Boring at Lucknow. Preliminary Note on the Coal Seam of the Dore Ravine, Hazara 
(with two plates). 


VoL. XXIV, 1801. 


Part 1.—Annual report for 1890, On the Geology of the Salt-range of the Punjab, with a 
re-considered theory of the Origin and Age of the Salt Marl (with five plates). On Veins 
of Graphite in decomposed Gneiss (Laterite) in Ceylon. Extracts from the Journal of a 
trip to the Glaciers of the Kabru, Pandim, &c. The Salts of the Sambhar Lake in Raj- 
putana, and at the Saline efflorescence called ‘Reh’ from Aligarh in the North-Western 
Provinces. Analysis of Dolomite from the Salt-range, Punjab. ‘ 


Part 2.—Preliminary Report on the Oil locality near Moghal Kot, in tha Sheekni country, 
Suleiman Hills. On Mineral Oil from the Suleiman Hills. Note on the Geology of the 


Ri 


Lushai Hills. Report on the Coal-fields in the Northern Shan States. Note en tke 
reported Namséka Ruby-mine in the Maingl6én State. Note on the Tourmaline (Schorle) 
Mines in the Mainglén State. Note ona Salt-spring near Bawgyo, Thibaw State. 


Part 3.— Boring Exploration iz the Daltongunj Coal-field, Palamow (with a map). Death of 
Dr. P. Martin Duncan. Contributions to the study of the Pyroxenic varieties of Gneiss 
and of the Scapolite-bearing Rocks, 


Part 4.—On a Collection of Mammalian Bones from Mongolia. Further note on the 
Darjiling Coal Exploration. Notes on the Geology and Mineral Resources of Sikkim 
(witha map). Chemical and Physical notes.on Rocks from the Salt-range, Punjab 
(with two plates). 


VoL. XXV, 1892. 


Part 1.—Annual report for 1801. Report on the Geology of Thal Chotidli and part of the 
Mari country (with a map and § plates). Petrological Notes on the Boulder-bed of the 
Salt-range, Punjdb, Subrecent aud Recent Deposits of the valley plains of Quetta, 
Pishin and the Dasht-i-Bedaolat; with appendices on the Chamans of Quetta; and the 
Artesian water-supp!y of Quetta and Pishin (with one plate). 


Part 2.—Geology of the Saféd Kéh (with 2 plates of sections). Report on a Survey of the 
Jherria Coal field (with a map and 3 section plates) (out of print.) 


Part 3.—WNote on the Locality of Indian Tscheffkinite. Geological Sketch of the country north 
of Bhamo. Preliminary Report on the economic resources of the Amber and Jade mines 
area in Upper Burma. Preliminary Report om the Iron-Ores and Iron-Industries of the 
Salem District. On the Occurrence of Riebeckitezin India. Coal on the Great Tenasserim 
River, Mergui District, Lower Burma. 


Part 4.—Report on tke Oil Springs at Moghal Kot im the Shirani Hills (with 2 plates). 
Second Note om Mineral Oil from the Suleiman Hills. On a@ New Fossil, Amber-like 
Resin occurring in Burma. Preliminary notice on the Triassic Deposits of the Salt-range. 


VoL. XXVI, 1893. 


Part 1.--Annual report for 1892. Notes om the Central Himalayas (with map and plate). — 
Note on the occurrence of Jadeite in Upper Burma (with a map). On the occurrence of 
Burmite, a new Fossil Resin from Upper Burma. Report on the Prospecting Operations, 
Mergui District, 1891-92. 

Part 2,—Notes on the earthquake ¢m Baluchistan om the 20th December 1892 (with 2 plates). 
Further Note om Burmite, a new amber-like fossil resin from Upper Burma. Note on 
the Alluvial deposits and Subterranean water-supply of Rangoon (with a map). ; 


Part 3.—On the Geology of the Sherani Hills (with maps and plates). On Carboniferous 
Fossils fvom Tenasserim (with 1 plate), On a deep Boring at Chandernagore. Note on 
Granite iz the districts of Tavoy and Mergui (with a plate). 


Part 4.—On the Geology of the country between the Chappar Rift and Harnai im Baluchistan 
(with map and 3 plates). Notes om the Geology of a part of the Tenasserim Valley 
with special reference to the Tendau-Kamapying Coal-field (with two maps). On a 
Magnetite from the Madras Presidency containing Manganese and Alumina. On His- 
lopite (Haughton) (with a plate). 


VoL, XXVIII, 1894. 


Part 1.—Annual report for 1893. Report om the Bhaganwala Coal-field, Salt-range, Punjab 
(with map and 2 plates). : 


Part 2.—Note on the Chemical qualities of petroleum from Burma. Note on the Singareni 
Coal-field, Hyderabad (Deccan) (with map and 3 plates of sections). Report on the 
Gohna Landslip, Garhwal (with 5 plates and 2 maps), . 


Part 3.—On the Cambrian Formation of the Eastern Salt-range (with a plate). The Giridih 
(Karharbari) Coal-field, with notes on the labour and methods of working (with 2 maps 
and 8 plates of sections). Om the Occurrence of Chipped (?) Flints ix the Upper Miocene 
of Burma (with a plate). Note om ¢ke Occurrence of Velates Schmideliana, Chemn.,, 
and Provelates grandis, Sow. s., in the Tertiary Formation of India and Burma (with 
2 plates). s 
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Part 4.—Note on the Geology of Wuntho im Upper Burma (with a map), Preliminary 
notice on the Echinoids from the Upper Cretaceous System of Baluchistan. Ox Highly 
Phosphatic Mica-Peridotites intrusive in the Lower Gondwana Rocks of Bengal. On 2 
Mica-Hypersthene-Hornblende-Peridotite in Bengal. 


Vor. XXVIII, 1895. 


Part 1.—Annual report for 1894. Cretaceous Formation of Pondicherry. Some early allu- 
sions ¢o Barren Island; with a few remarks thereon. Bibliography of Barren Island and 
Narcondam, from 1884-to 1894; with some remarks, 

Part 2.—On the importance of Cretaceous Rocks of Southern India iz estimating. the geoe 
graphical conditions during later cretaceous times. Report on the Experimental Boring 
for Petroleum at Sukkur, from October 1893 to March 1895. The development and Sub- 
division of the Tertiary system in Burma. 

Part 3.—On the Jadeite and other rocks, from Tammaw in Upper Burina, On the Geology of 
the Tochi Valley. On the existence of Lower Gondwanas in Argentina. 


Part 4.—On the \gneous Rocks of the Giridih (Kurhurbaree) Coal-field and their Contact 
Effects. On some outliers of the Vindhyan system south of the Sone and their relation 
to the so-called Lower Vindhyans, Notes on a portion of the Lower Vindhyan area of the 
Sone Valley. Noteon Dr. Fritz NogTLinG’s paper on the Tertiary system in Burma, in 
the Records of the Geological Survey of India for 1895, Part 2. 


Voi. XXI1X, 1806. 


Part 1.—Annual report for 1895. On the Acicular inclusions in Indian Garnets. On the 
Origin and Growth of Garnets and of their Micropegmatitic intergrowths in Pyroxente 
rocks (with 1 plate). 

Part 2.—Notes on the Ultra-basic rocks avd derived minerals of the Chalk (Magnesite) hills, 
and other localities near Salem, Madras (with 2—6 plates). Preliminary notes on some 
Corundum localities iz the Salem and Coimbatore districts, Madras (with 7—9 plates). 
On the occurrence of Corundum and Kyanite in the Manbhum district, Bengal. On 
the papers by Dr. Kossmat and Dr. Kurtz, and on the ancient Geography of 
“ Gondwana-land,’ Note from the Geological Survey of India. 

Part 3.—On some Igneous Rocks from the Tochi Valley. Notes from the Geological Survey 
of India, 

Part 4.—Report on the Steatite mines, Minbu District, Burma, Further notes on the Lower 
Vindhyan (Sub-Kaimur) area of the Sone Valley, Rewah, Notes from the Geological Sur- 
vey of India. 

Von, XXX, 1807. 


Part 1.—Annual Report for 1896. On some Norite and associated Basic Dykes and Lava- 
flows in Southern India (with plates Ito II). The reference of the genus Vertebraria. 
On a Plant of Glossopteris with part of the rhisome attached, and on the structure 
of Vertebraria (with plates II to V). 

Part 2.—The Cretaceous Deposits of Pondicherri (with plates VI to X). Notes from the 
Geological Survey of India. 

Part 3.—Note on Flow-structure in an Igneous dyke (with plate X1). Additional note on the 
Olivine-norite dykes at Coonoor (with plate XII). Report on some trial excavations for 
corundum near Palakod, Salem District (with plate XIII), Report on the occurrence of 
coal at Palana village in Bikanir State (with plate XIV). An account of the geological 
specimens collected by the Afghan-Baluch Boundary Commission of 1896 (with 
plate XV). Note from the Geological Survey of India (with plates XVI and XVII). 

Part 4.—On Nemalite from Afghanistan. On a quartz-barytes rock Occurring in the Salem 
District, Madras Presidency (with plate XVIII). Note on a worn femur of Hippopo- 
tamus irravadicus, Caut. and Falc., from the Lower Pliocena of Burma (with plates XIX 
and XX). On the supposed coal at Jaintia, Baxa Duars. Percussion Figures on Micas, 
Notes from the Geological Survey of India. 


The price fixed for these publications is 1 rupee (2s.) each part, or 2 rupees (4s.) each 
volume. 


Note,—Zhe Records ceased to be published from the 1st January 1898. 
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MISCELLANEOUS PUBLICATION = 


A Manual of the Geology. of India. 4 Vols. With map. 1879-1887— 


Vol. 1. Peninsular Area. ok H. B. Medlicott and W. T. Bla 
Vol. 2. Extra-Peninsular Area. rupees. (out of print), 

Vol. 3. Economic Geeleny. By V. Ball. Price 5 rupees (out of print). 
Vol. 4. Mineralogy. By F. R. Mallet. Price 2 rupees. 


A Manual of the Sao India, 2nd edition. By R,D, Oldham. (1803.) pe e8 


A Manual of the Geology of India, Economic Geology, by the late Prof. V. Ball, 2n editions 
revisedin parts. — si 
Part I.--Corundum. By T. H. Holland (1898). Price 1 rupee. 


Popular guides to the geological collections in the Indian Museum, Calcutta— 


No. 1. Tertiary vertebrate animals. By R. Lydekker. (1879.) Price 2 annas Aone of prii 
No. 2. Minerals. By F. R. Mallet. (1879.) Price 2 annas (out of print), 
No. 3. Meteorites, By F, Fedden. (1880.) Price 2 annas (out of frint) f3 
No. 4. Palzontological collections. By O. Feistmantel. (1881.) Price 2 annas. 
No. 5. Economic mineral products, By F.R. Mallet, —(1883.) “Price : 2 


Descriptive catalogue of the collection of Minerals in the Geological “Museum, 
. F.R. Mallet. (1883.) Price 2 rupees. 


An Introduction to the Chemical and Physical study of indian ‘Minerals. 2 
(1895.) Price 8 annas. 


Catalogue of the remains of Siwalik Vertebrata contained | in the Geological De 2 
“Indian Museum. By R, Lydekker, Pt. 1. Mammalia, (1885; ) Bries. : 
_ Aves, Reptilia, and Pisces, (1886.) Price 4 annas. K 


Catalogue of the remains of Pleistocene and aa aie Vetbabeate’ contai 
gical Department of the Indian Museum. By R. Lydekker, (1886.) 


Bibliogtaphy of Indian Geology. By R. D. Oldham. (1888) Price 1 rupee 8 annas. _ 


Report on the Geological structure and stability of ie hill slopes ercgn ae 
T. H. Holland. (1897.) - Price grupees, =< = 3. 


Report on the inspection of Mines in India, for the year ending 
Grundy. (1804.) Price 1 rupee. 


Report on the inspection of Mines in India for the year onaidg goth june” 895 
Grundy, (1890,) Price 2 rupees. 


Report on the inspection of Mines in India for the year pane goth 
Grundy. (1897.) Pricer rupee. 


Report on the inspection of Mines in India for the year ending gist 
James Grundy, (1897,) Price 1 rupee. 


Report on the. inspection of Mines i in India for the year ending gist December 
James Grundy, - (1898) Price 1 Tupee 8 annas. ; : ; SEG 


Report on the inspection of Mines in India for the year ending: net 
James Grundy. (1899.) Price12annas. * 


Report on the inspection of Mines in India for the year ‘ending gist December 89 
G. F. Reader, from notes by Mr. James Grundy. (1901 ), Price 8 annas. 


Geological map of India, 1893. Scale "= 96 miles. e Price I rup 
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Dated Calcutta, the 26 + pArsos. 


SIR, 


I have the honour to inform you that 
under the orders of the Government of India the 
“Records” issued by this Department in the months of 
February, May, August, and November each year, ceased 
to be published from the rst Fanuary 1898. 

2. Part 4 of Volume XXX supplied you, will there- 
Sore constitute the last issue of this publication. 


3. A copy of the Annual Report of the Department, 


will in future be supplicd you on issue, 


I have the honour to be, 
SzR, 


Your most obedient Servant, 


Gea Ghia BA C7, 
Director, Geologreal Survey of India. 
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Dated Calcutta, the SPS, 1898 
SIR, 


Ihave the honour to inform you that under the orders of 
the Government of India the “ Records,” issued by this Department in 
the months of February, May, August, and November each year, ceased 
rom the rst Fanuary 1898 to be printed as a separate publication, and 
will, in future, be incorporated with the “ Memoirs” of this Depart- 


ment. 


2. The “Memoirs” are not published at any regular or fixed time, 
A 


but whenever sufficient reports have been received to form a part 


copy of each part will be supplied you on issue. 


I have the honour to bé, 
STR, 
Your most obedient Servant, 
CORTE SHACH 
Director, Geological Survey of India. 
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GENERAL REPORT 


ON THE WORK CARRIED ON BY THE 


GEOLOGICAL SURVEY OF INDIA 


FOR THE PERIOD FROM IST JANUARY 


189/ 


TO THE 1ST APRIL 


18958. 


Se Se 
PART I.—HEAD-QUARTER NOTES. 


The Government of India having sanctioned that the Annual Report on 
the work performed by the department should be 
issued for the financial year instead of, as hitherto, for 
the calendar year, it follows that this, the first of the 
new issue of Annual Reports, has to embrace the entire period since the 
Ist January 1897. 

During the greater part of this period I was absent on furlough and 
Mr. R. D. Oldham officiated for me. 

The long impending removal of the offices of the department into the 
new building was carried out successfully during the 
hot season of 1897. The new building has been 
erected by the Bengal Government under an arrangement with the Trustees 
of the Indian Museum, and was destined to provide accommodation conjoint- 
ly for the offices of the Geological Survey of India and the Indian Museum. 

Although the accommodation in this new building is superior to that 
formerly held inthe Museum building, yet there are weighty objections to 
it. Ona former occasion! I have had an opportunity to point out the 
advisability of removing the head-quarters of the department to a hill-station 


Change of date of 
Annual Report, 


Removal of the offices. 


1 Memorandum of the zoth April 1895. 


2 General Report. 


and the reasons adduced in favour of such a step remain as much in force 
now as ever. I still entertain the hope that this will be possible at an early 
date and as soon as the financial position improves, 


During January and February 1897 the Office and laboratory were trans- 
Nuweta tenn ferred into the new building, and during that period 
LABORATORY. much of the work in the latter and laboratory had 

ee i amd, necessarily to stand over. After the move was 
Blyth, Museum Assist- completed, Mr. Hayden, assisted by Mr. Blyth, 

iia began the re-arrangement of the sedimentary rocks. 
This was almost completed, so far as the Indian series is concerned, when 
Mr. Hayden was sent into the field. The spécimens have been arranged 
as far as possible in chronological order, those from each area being grouped 
together under their respective systems, The foreign series has been 
separated from the Indian, and it was intended to arrange them separately 
in the wall cases on the north side of the rock gallery. 

The collection of economic specimens has been very largely increased 
during the past year, chiefly by the addition of corundum frem various 
localities in the Madras Presidency. It will consequently be necessary to 
re-arrange, to a certain extent, portions cf the economic collection in order 
to find more space for this mineral. The labelling of the economic speci- 
mens has been steadily progressing —fifty-two cases have now been completed, 
leaving 32° still to be done, 

Minerals —Among the more important additions to the collection. of 
Indian minerals are— 


Columbite.—A fine specimen (s. g. 6'19) was presented to the museum 
by Mr. A. Gow Smith .It was obtained from the Koderma 
Government forest, Hazaribagh, which is a new locality 
for this mineral. 

Altaite—A specimen of auriferous quartz containing numerous grains 
and specks of altaite (Pb. Te) was presented by Mr. C, P. 
Wright, Wuntho, Burma. 

Aluminite.—Although this mineral had been in our collection for some 
time, it was not known to be aluminite, having been 
labelled “ beauxite” by its original collector. An analysis 
gave the formula Al, O,, SO,, 9H, O. The specimen 
analysed came from Chitteedand in the Salt Range. 


Yins 1s the first time that either altaite or aluminite have been recorded 
as occurring in India. 


The following isa list of donations made to the Museum during the past 
year. 
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Donation. Presented by— 


Two tusks, teeth and part of skull of Elephas Clifti: J, Wilson, Esq., Deputy Commis- 
from the-Gabhir ravine, Tallaganj Tahsii, Jhelum district. | sioner, Rawalpindi District. 


Three species of a meteorite that fell at Nawapali, L.S. Carey, Esq., I.C.S., Com- 
Sambalpur district, at 6 P.M. on June 6th, 1890, missioner of Settlements and 
Agriculture, C, P. 


Specimen of Sperrylite from Vermillion mine, Sudbury, Dr. T. L. Walker, Geological 
Ontario. Survey of India. 


Specimens of muscovite : muscovite w. garnet and tour- A. Gow Smith, Esq. 
maline; pseudomorphic quartz, in muscovite: a large 
crystal cf garnel: 3 specimens of columbite from the 
Koderma Government forest, Hazaribagh. 


Speciméns of tourmaline, quartz etc., from hillocks Sarat Chundra Ghosh, Chinsurah. 
near Ranchi, Chota Nagpur. 


Specimens of muscovite, with tourmaline and ferrugi- A, Gow Smith, Esq. 
tous inclusions: from the Koderma Government forest, 
Hazaribagh. 


Fragment of the Yeushigahara meteorite . ° . » Trustees of the British Museum 
through L, Fletcher, Esq. 


Nickeliferous pyrite, from Sudbury, Ontario : » Dr. ‘f. L. Walker. 


Miocene fossils, from the Upper Chindwin, Burma . A. Smythies, Esq., Conservator 
of Forests, Mandalay, Burma, 


A collection of rocks from DeBeers Diamond mines, C. L. Griesbach, Esq., C. I. E, 
Kimberley, South Africa, 


After my return to duty on the 24th November 1897, I decided to have 
the large collection of described type fossils re-arrang- 
Coutection oF TyPE ed into specially constructed cases. Dr. Fritz Ncetling 
; and Mr. Hayden, who, had returned fromthe Tirah 
Field Force beginning of January, were the officers who have very ably 
carried out this important work, in which they were assisted by Mr. Blyth, 
the Museum Assistant. The work was most tedious, and required the utmost 
care, but the principal part of it has now been finally accomplished. Each 
specimen has been checked and compared with the figure given of it in our 
publications, and will be registered in a special catalogue, so that it can always 
be again referred to without any difficulty. It has now been ascertained that 
a number of the older specimens have disappeared, lost probably during a 
former removal into galleries of the Indian Museum. But the lost specimens 
are not very numerous and almost entirely confined to the cretaceous series 
of Southern India. Such loss will now be impossible, short of theft, each 
specimen having been marked with proper numbers painted on and 
corresponding to the catalogue. 
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Assays made tn the Laboratory. 


Substance. For whom. | Result. 
One specimen of Lig-| Lieut.-Col. H. A. | Quantity received, 7 \b. 

nite, containing | Vincent, Politi- | 

plant remains and| cal Agent, Bicka-| Moisture . ° ° . : ° + i25o 
specks of  resin,| nir. Volatile matter . ° 5 - A ° 41°40 
found at the bottom Fixed carbon . A ° . . » 37°50 
of a well, 201 feet Ash Py . ‘ ° : A - 8'60 
from surface, Pal- 

lana, about 12 100°00 
miles from Bicka- ———— 


nir, Raj putana. 
Does not cake. 


Ash—light grey. 


Three specimens of | Geo. Watt, Re- No. 1.—From Kabul. 
minerals, for deter- | porter on Econo- 
mination. , mic Products to e 
the Govt. of 
India. Travertine. 


No. 2.—From Sakesar and Kalabagh, Punjab. 
Massive gypsum. 
No. 3.—From Kabul, 
Bowenite (Pseudo Jade). 
One | specimen of |'C. W. McMinn,| Contains ‘589 per cent. phosphoric anhydride 
Psilomelane, from| Jabalpur. (P20s). 
Gosalpur, Jabalpur 


district, for phos- 
phorus. 


A white mineral, | Museum, Geolo- | S. G. 1°707 
found underneath| gical Survey of 


the coal strata,| India, Calcutta. SO) sa 3 a yulsot . eae 
Chitteedand, Salt 
Range, supposed H,0 ; . . - 40°44 


to be Beauxite. ALO A 
QF3 ° e > ° 30°09 


CaO . s : e trace, 
Fe,O3 2 e e ° 


22 
ZnO ° s e ° yy 
100°15 
=Aluminite. 
Three specimens from] R. G. Thomson,| =Amethyst. 
Bishahir, supposed] c. s., Deputy 
to be Saphire. Commissioner, 


Simla district. 
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Assays made tn the Laboratory—contd, 


Substance. For whom. Result. 

= a Ne > a = 

Se | ces o me ce ae 

co. Me et : & 

aie OE a < aS) 3 

os 8 24 Pe) a 3 o 

a o |S vi & 2 
am at ear LY fan ” 

= = omen ws 

SE at) Ae ar) ora 

2} +2 isd =| E = 

Sc ne ns Wg ns c 

-v v F oO - ons 

°.4 n is 5a 7) 3 

Be Oa On iee ) 

ZS | ZO |) Zope A se = 

a ia . ° “ 

7 “ vs 7 


1olbs.| tolbs.| rolbs.| tolbs.| tolbs.| rolbs. 
Quantity 
received. 
Six specimens of coal |C. O. Leefe, Assist-/ Moisture | 8°40] 9°78} 6°52] 7°40} 6°38] 10°40 


from the Warora| ant Secretary to 

Colliery. Chief Commis-| Volatile | 29°00] 29°62) 27°10} 20°48] 19°64) 30°42 
sioner, Public | matter. 
Works Depart-| Fixed 42°74] 43°72| 40°08) 36°44) 31°62| 41°12 


ment, Central} carbon. 
Province:, Nag-} Ash . | 19°86] 16°88} 26°30] 35°68} 42°26] 18°06 
pur. 


100°00/100’0: | (00'00}100"00) 100°00}1 00°00 


Does not cake. 


ie 

oO 

pe be 

| o . 

ae ny ry 

i o uw we s ° e 
| COD SAR Tie Mpa ey bia Bes 
655 0d EE al ec u pe 
£ | 2 | 2 ba; Gh | fa 
ay Lge) > ~~ | 
= ua it Rede | 
| “s oO °° on op on 
el Ala ae eee) Sei eee 
Peleg aa ea a ea 
Gi a SO ie i hae! 
CU tse: ON ets See ef 


Quantity received 2ilbs, 


One specimen of|R. G. Thomson, | Yielded on assay, 75°17 per cent. lead (Pb); and 
Galena, from Arki,| c.s., Deputy} 21 oz. 1 dwt, 9 grs, silver to the ton of lead. 


Baghal State Simla | Commissioner, 
Hills. Simla District. 
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Assays made in the Laboratory—contd. 


Substance. For whom. Result. 
= ig Il. LL: IV. 
54 OZ. FOZ 5$0z.| 43 oz. 
Quantity ree |——_| | >} - 
ceived. i 
| 
Four specimens of | F. H. Smith, Geo-| Moisture : 5°36 3°88 3°14) 710 
coal from Assam. logical Survey of 
India. Volatile matter] 49°96 | 57°52 | 29°00} 37°48 
Fixed carbon. | 25°32 | 25°40 15°24 | 40°38 
Ash A . 19°36 13'20 52°62 1504 
100°00 | 100'00 | 1¢0'00 | 100°00 
r=} 
= 
Q 
a 
Ee 
cs 
. obs Ao as) 
ee.\ ce | 82 89 
Tapia ao Piel a te ~ 
Nw one Ow ON 
holt = = aa ay 
on op © On 6.8 
nie ns ee eu 
© | 5 | n | n t 
es es e.a gs 
= % seer pee 7 n 
Ax Ax At As 
One specimen of rock| S. M. Yusuffooz- | Concretionary haematite; lateritic, 
from the Jamuna| zaman, Banda 
river, Banda Dis-| City, Indian 
trict, for identifica- | Midland  Rail- 
tion. way. 
A. B. 
Two specimens of | F. H. Smith, Quantity received, To? OZ, 4 02. 
cual, from Assam. | .A.R.C.8-) De- 
puty Superinten- 
dent, Geological 
Survey of India, | Moisture . . ° . fe 10°74 9°40 
: Volatile matter , ° e 3 31°12 34°42 
Fixed carbon . : P 5 25°90 20°32 
sh , . e ° . ° 32°24 29°86 
10000 100‘00 
| 
Does not cake. 
Ua 
© 
re 
° = 
o 
= aa 
ae 3 
| ea: 
Ly 4 
< <x 


Assays made in the Laboratory—contd. 


Substance, 


One specimen ~ of | Tom.D.La Touche, 
Super- 


lignite with specks 
of resin, from 
Pallana, 12 miles 
frem Bikanir, 
Rajputana. 


Sixty specimens of | C, S. Middlemiss, 


quartz-barytes 
rock, from Tiru- 
patar Taluk, Salem 
istrict, Madras, 
for an analysis of 
the Barytes ; deter- 
mination of the 
proportion of bary- 
tes and quartz; 
and an assay for 
gold. 
Fragments of a rock 
for determination. 


A specimen of iron 
pyrites from the 
Malakand, to know 
what it is embedded 
in. 


A specimen of ‘‘metal 
something like lead 
or plumbago”’, 
from  Belbathan, 
for determination, 


A heavy metallic 
looking specimen 
from the Koderma 
Government Forest, 
Hazaribagh Dis- 
trict, supposed to 
be fron. 

Two specimens of 
minerals, washed 
from soil, for de- 


Genéral Repore. 


For whom, 


B.A., 


intendent, (seo- | Moisture . 
logical Survey of | Volatile matter 


India. 


B.A., 


ah 
Holland, 


Fixed carbon , 
Ash 3 : 


Sinters slightly, but does not cake, 
Ash—light brown. 
Calorific power in heat units (C), 7,293. 


= 


Result. 


Quantity received, 45itbs. 


Cele @ 


Evaporative power, 13°58. 


A.R.| Holland, 


CiS.; F.G.S.. 
Supdts., Geolo- 
gical Survey of 


India. 


Col. H. A. Sawyer, 
BSc... 45th. B.1., 
Malakand. 


Surgeon-Captain, 


Dae st. 


of granite. 


. . 


Grant, M. B., | 


Chemical 


Ex- 


aminer to Gov- 


ernment, 


Medi- 


cal College, 


Lahore. 


R, Carstairs, | Galena. 


1.C.S., 


Deputy 
Commissioner of 
the Sonthal Par- 


ganas, Dumka, 


A. Gow-Smith, 


Hastings House, 


Alipore. 


J. Walter Leather,| Both specimens, impure le monite, 
icul tural 


Agricu 


Chemist to the 


The matrix is limestone. 


Columbite ; S, G. 619, 


Results to be published in Records,'}Vol. XXX, 
part 4, ina paper by C. S. Middlemiss and T, H. 


The fragments consist of quartz, felspar and mus- 
coevite, apparently derived from the disintegration 


A specimen from the same locality, receivedin 1884, 
yielded om assay 77°29 per cent, of lead; and 
13 02. 17 dwts. 16 grs. of silver to the ton of lead. 


termination, Government of 
India, Dehra 
un. 


8 General Report. 


Assays made in the Laborat ory—contd, 


Substance. For whom, Result. 


Quantity received, 14 lbs. 


Pebbles of schist con- | The Chief Secre- | Yielded on assay, 10°5 grains of gold to the ton 
taining quartz| tary to the : 
from the Wa! Government of 
States, Upper} Burma, Ran- 

Burma, for gold. goon, 


“Substances _ that | Hiranmoy Muker- | Lignite, resin and micaceous sand. 
came out of the} jee, Muktagacha, 
earth along with| Mymensing Dis- 
sand and water, on| trict. 
the north and east 
banks of the 
Brahma pttra, 
during the earth- 
quake of 12th June 


1897.” 

“A piece of black| The District En- | One of the specimens is a form of ligni 
substa nce and| gineer, Rungpur.| a resin, 4 mot; lignite, the saiees 
some resinous-look- 
ing stuff that came The lignite was probably derived from the dis- 
out from an earth- integration of beds containing that inane xa 
quake fissure at similar to those seen in the Garo Hills. 


Mankar Char on 
the east bank of 
the Brahmaputra.,”’ 


Six specimens of | T. Webb-Ware, | 1. Sulphur. 
minerals from the| Political Assis-| 2. Sulphate of alumina. 
vicinity of North-| tant, Chagai- | 3. Galena. 
West Baluchistan. | Quetta. 4. Micaceous iron. 

5. Red ochre, 

6. Yellow ochre. 


A specimen of grani-| T. H. Holland, No. 9'785- 
tite from Urnumalia| A.R.C.s., F.G.S., 
quarry, 34 mile} Offg. Superin- 


south-west of Kara-| tendent, Geolo- Specific gravity 2° 

samir, South Arcot | gical Survey of Cr es ate : 

District, Madras, India. SiO 8. A 5 ° ° . e = 58°30 
Al,O, e e e e e e e 20°76 
Fe,Oz e e e e ° e ° 2'59_ 
FeO . . . ° . : . 3°84 
CaO e e ® ° ° e ° 8°38 
MgO ° e e e ° e ° 2°62 
Na,Q ° ” e e e e e 4°21 
K,O Pa Fs e e e e e e Fi 
Loss on ignition 6 ° ° e e ‘20 

eee 
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Assays made in the Laboratory—contd. 


Substance. For whom. 


A specimen of hyper-| T, H. Holland, 


sthene hornblende! A.R.C.s., F.G.S., 

granite from Per-| Offg. Superin- 

umbakam, Madras.| tendent, Geolo- 
gical Survey of 
India, 


Alkaline} salt from | G, 
Yenangyat, Upper 
Burma, occurring 
as an incrustation. 


E. Grimes, 
A. R. S. M.B.S.C., 
etc., Assistant 
Superintendent, 
Geological Sur. 
vey of India. 


A specimen of elzo-| T, H. Holland 
lite from elzolite| 4.R.c.s., F.G.s., 
syenite, from.Siva-| Offg, Superinten- 
malai, Coimbatore | dent, Geological 
district, Madras. Survey of Indias 


Two pieces of stone} E, P. Chapman, 
found while sinking | c.s,, Officiating 
a wellin Jugdispur| Magistrate of 
Tatarpur, Chupra,| Sarun. 
Sarun district, for 
determination, 


A piece of igneous! The Agent and 
rock from a boring 
270 feet deep in 
Kabwet, Upper 
Burma. 


Coal” Cope Lds 
Kabwet, Upper 
Burma. 


Manager, Burma 


Result. 


No. 9'791. 


Specific gravity 2°787, 


Q 

» 

Cc 
Ose O° -e-6 


K,0 oe ,° 
Loss on ignition 


Soluble in hot water, 


a2,O . ° 
20 e . 
CaO A e 
MgO ° C 
SOs, a 


Cl e e 
Loss on ignition 


Less oxgyen equivalent 


Insoluble in hot water 


Distinctly alkaline with litmus. 


No. 11°464. 


Specific gravity 2°62. 


SiO2 : C 
Al,O3 « e 
Fe,Os . ° 
CaO e e 
K,0 e e 
NasO ne : 


Loss on ignition 


Calcite. 


Dolerite. 


=s ECO 


101°16 
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Assays made in the Laboratory—concld, 


Substance. 


For whom, 


Nineteen specimens 
of rocks and miner- 
als, from the 
Banda district, for 
determination. 


R. M. Thompson, 
Public Works 
Department, 
Banda. 


A specimen of coal|The Junior Con- 


taken from the 
diamond » drill 
boring in the vici- 
nity of the Eeb 
bridge on the B. 
N. R., Rampur 
coal-field. 


Sand found ina nala 
near Chumbal 
River. 


Mineral found in 
Government land 
in the Darjiling 
district supposed 
to contain copper. 


sulting Engineer 
to the’ Govern- 
ment of India for 
Railways, Nag- 
pur. 


Result. 


(1) Granitoid gneiss, 
(2) Gneiss. 

(3) 
(4) Pegmatite. 
(5) 
(6) 
(7) Probably decomposed syenite. 
(8) 
(9) Quartz. 
(10) 
(11) 
(12) 5, 

(13) Amethyst. 


>9 


a9 39 33 


39 


38 


(14) Chalcedony. 
(15) 


(16) Breccia of flint fragments. 


39 


(17) Siliceous sinter. 
(18) Hornblende gneiss. 
(19) Flint. 


A piece of the core taken from between the 420th 
and 43oth foot, weight 12 oz. 


Moisture . 4 ° e § = e 5°30 
Volatile matter ’ ° A . Pee | 
Fixed carbon , : ° ° ° « 49°78 
Ash e ° ° ° ° . ° 17°18 


Sinters slightly, but does not cake. 


Ash—dark reddish brown. 


Col. D. G. Pitcher,] Garnet sand. 


1.8.¢., Director 
of Land Records, 
Gwalior State. 

Mr. Finucane, 
C.S,1., Secretary 
to Government 
of Bengal, 


Mixture of iron and copper pyrites. 


ee 
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Dr. Noetling was absent on furlough till June 1897; after his return to 
duty he set to work at the determination ‘and 
Paleontological work. ee ne sank 
Dr. Frits Netling.  ¢SCription of the large collection of Burman fossils ‘in 
the Museum, in part collected by himself and in part 
by former workers in Burma, as for instance Messrs. Theobald, Blanford, 
Fedden, Dr. Oldham and later by Mr. Grimes. After weeding out useless 
and doubtful specimens, a fine collection of tertiary fossils remained, of which 
part, including the Antozoa, Echinodermata and Pelecypoda, has been 
described and is awaiting publication. 

The results of the examination of the Pelecypoda are highly interesting 
and unexpected, It has hitherto been laid down as an axiom that the fauna 
living at present in the Indian ocean is closely related to the tertiary fauna 
of Europe. The tertiary Pelecypoda of Burma have, however, proved the 
absolute fallacy of this theory. For the majority of the: species examined 
are either identical with species now inhabiting the Indian ocean, or are so 
closely related to living species that it seems impossible to avoid the conclu- 
sion that the latter are the direct descendants of the former. On'the other 
hand, not a single species from Burma could be identified with any one from 
the tertiary system of Earope. There are a certain number of species which 
are identical with species which occur in the miocene of Java and Sumatra, 
and a smaller number still which are identical with species from the tertiary 
of Sind, but no relationship with the tertiary fauna of Europe could be dis- 
covered. 

Two important facts are therefore almost proved by the examination of 
the tertiary Pelecypoda of Burma, zv7z., (1) the fauna of the Indian Ocean is an 
old one, (2) no connection existed between the fauna of the upper tertiary, 
Indian ocean, and the upper tertiary, European ocean. 

With regard to the first part there remains little doubt that the composi- 
tion and facies of the fauna which lived during the upper tertiary period in 
Burma was exactly the same as the one now inhabiting the Indian ocean. 
The present fauna exhibits therefore not a modern type, but more properly 
speaking an older tertiary type. Further, if the present fauna of the Indian 
ocean bears the strongest relationship to the tertiary fauna of Burma, while 
the latter bears no relationship to the tertiary fauna of Europe, it is impossi- 

ble that the living fauna of the Indian ocean can exhibit any relationship to 

the tertiary fauna of Europe. It is therefore not only very probable, but 
almost certain, that no connection existed between the Indian ocean of the 
upper tertiary period, and the European ocean of the same time. The 
fauna of the Indian ocean developed independently of that of Europe since 
the upper tertiary period, but it is most remarkable, that while the terrestric 
fauna which lived at the same time, and somewhat later on the Indian con- 
tinent, underwent tremendous changes; the marine fauna did not change its 
habitus in the least, in fact, it might almost be said that hardly the species 
changed their aspect. 
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Under the above circumstances the question of the age to which the fauna 
described, belongs, becomes somewhat uncertain. There is no question 
about its belonging to the upper tertiary period, but whether it represents 
the miocene of pliocene period seems somewhat doubtful. Without entering 
into a lengthy discussion on the original definition of the terms miocene and 
pliocene the question could not be settled, but it appears very possible that 
the marine fauna of the upper tertiary of Burma represents the pliocene 
and very probably also the lower pliocene period. This would in some way 
explain the seemingly strange fact, that it has so few species in common with 
the tertiary beds of Sind, if we assume that the latter are of older age. 

These views will of course be further dealt with when the whole of the 
fauna has been described, but, as already stated, the present examination has 
opened a road which leads towards new and unexpected results, in fact it 
tends to change the view hitherto held on the origin of the fauna of the Indian 
ocean. As an outcome of the specific examination of the tertiary fauna 
of Burma, two papers dealing with the morphology of the shells of the Pele- 
cypoda have been submitted for publication, as the questions therein dealt with 
could not conveniently be included in a systematic description of the species. 

Mr. H, B. Wade Garrick, the Artist of the Department, reports that forty- 
seven lithographic plates have been prepared and 
21,810 prints have been pulled off in the lithographic 
press of the Geological Survey of India, also 27 designs have been drawn on 
wood ready for the engraver, 

In the map branch, a large number of geological boundaries have been 
transferred from field sheetsand old M. S, maps, and compiled on to 
fair sheets to be kept for record in the office, and some maps _ printed by the 
Survey of India have also been coloured by our colourists. 

Work of a miscellaneous nature has also been done, such as lithographed 
labels required for the laboratory, etc.; plates not intended. for publication ; 
pen drawings made for reproduction by photography, and lithographic 
practice work during spare time, etc. Finally, in connection with the 
Earthquake Report, a pen diagram has been made showing the river levels 
of the Ganges and Brahmaputra at Goalundo and Gauhati respectively during 
the years 1895, 1896 and 1897. This has been drawn to scale from the figures 
in the Irrigation Report of the Public Works Department, Bengal. 

The additions to the Library during the year under review amount to 
3,143 volumes and parts of volumes, of which 2,266 
were acquired by presentation, and 877 by purchase. 


Drawing office. 


Library. 


Publications. 


The third part ofthe first edition of the Manual of Geology of India, 

which was prepared by the late Dr. V. Ballin 1881, 

The Manual of the has for several years been out of print. The prepar- 
Geology of India. : oF Mery 

ation of a new edition on the same plan as the original 
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one would involve a greater interruption of the regular work of the survey 
than can at present be contemplated, and itis doubtful whether the result 
would be commensurate with the expenditure of time involved. Many 
minerals are of little economic interest at present, and the additions to our 
knowledge since the publication of Dr. Ball’s volume are small, yet to 
bring these up to date would involve almost as much work, in many cases, as 
the revision of these parts dealing with minerals, such as mica, which have 
risen to an importance unthought ofand regarding which our knowledge has 
been revolutionised rather than advanced. 

Under these circumstances, and in view of the frequent applications for 
general information regarding specific minerals, a scheme of re-issue of this part 
of the manual by instalments has been sanctioned by Government, Each in- 
stalment will deal with a single mineral, or group of closely allied minerals, and 
in the first instance these will be selected with regard to which there has been 
the greatest change in the state of our knowledge since 1881. In this way, 
itis hoped that gradually, and without interrupting the regular work of the 
survey, it may be possible to re-issue the Manual of the Economic Geology of 
India, or atany rate such parts as are of sufficient interest to justify this course. 

Asa commencement, corundum and its gem forms ruby and sapphire 
was selected, and a handbook has been prepared by Mr. Holland treating on 
these minerals and giving a full account of all that is known at the present day 
regarding their occurrence in India. This has been passed for press and 
will be issued forthwith. 

With the volume XXX of the “ Records,” this publication has ceased to 

exist as aseparate serial of the Department, it having 

has Nahe go doe ie been found inconvenient to bring out reports at regu- 

* lar stated periods, In future all papers which were 

formerly brought out in the “‘ Records ” will be published in the “* Memoirs ”’ 

and “ parts” of the latter, as matter for publication accumulates, will be issued 
at irregular intervals and grouped into volumes as heretofore. 

The following “‘ Memoirs ” have been published since the rst January 
1897 :— 

Vol. XXVII, part 2,—The occurrence of Petroleum in Burma and its 
technical explo tation, by Dr. F. Neetling, 

The ‘ Palzeontologia Indica,” which is at present arranged into so-called 
series, will in future be published in parts, and these be grouped into con- 
secutive volumes of convenient size, containing palzeontological reports, each 
complete in itselfand as they are sent in, thus obviating the necessity of 
publishing descriptions of small collections in the “ Memoirs,” as often had 
to be done on former occasions when such papers could not be included in 
any one of the “ series.” 

Such of the “series’’ which are not yet complete, as for instance the 
“« Himalayan fossils,” series XV, will of course be brought to a conclusion, 
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The following parts of the “ Palzontologia Indica” have been issued since 
1st January 1897 :— 
Series XV, Vol. I, parts3 and 4, 
: Vol. Il, part 1, 
both of the Himalayan Fossils. 
Series XVI, Vol. I, parts 2 and 3, 


of the Baluchistan Fossils. _ 
A large number of geological maps on various scales and of different 


districts have been published in the Memoirs and 
Records of the Department, but as no general index 
of these has been prepared, it was impossible for strangers to know whether 
a geological map of any district in which they were interested was procurable 
ornot. The number of applications for geological maps received shows that 
this was areal want, and two index maps have been prepared during the 
recess Of 1897 under the superintendence of Dr, Walker, which show res- 
pectively the areas which are published on scales of four miles or less to the 
inch, and on the smaller scales of morethan four miles to the inch; the area 
included in each map, and the volume and part with which it was published. 
I rejoined and took over my office from Mr. Oldham on the 24th Novem- 
ber of last year. I utilized the first nine months of 
Fg hie pe my furlough to proceed to South Africa, in order to 
study the gold-bearing rocks of that part of the 
world, but chiefly those of the Transvaal, and also the conditions of the mining 
laws and industry of that country, Although this enquiry was of a private 
nature and carried out during absence on furlough, I refer to it here on 
account of its bearing to Indian conditions. Jintend compiling a special 
report on the subject of the enquiry at a subsequent date. 
Besides myself, the following officers were on leave during the period 
under report and rejoined on the dates mentioned below :— 
Mr. Bose : F , rejoined 15th May 1897. 
Mr. Datta ; : ° do. 17th March 1898. 
Dr. Noetling . : : do. 26th June 1897. 
Sub-Assistant Hira Lal is on leave from the 6th September 1897. 
Mr. William Anderson resigned his appointment as Mining Specialist 
on the 15th October 1896. 
Dr. Thomas Leonard Walker joined the Department as Assistant Superin- 
tendent on the 8th May 1897. 


Geological maps. 


Part II.—Field parties. 


Distribution of the During the period under report the distribution 
officers. of the staff of the Department was as follows :— 


Mr. R.D. Oldham  % , Officiating Director up to 24th November 
1897 ; then on field work in Assam. 


Mr 


9) 


9 


” 


3? 


7) 


”? 


9? 
9? 


”) 


. LaTouche 
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. Western Rajputana; 1896 to 1897 head- 
quarters and Assam, Western, Rajputana 
1897 to 1898. 

. Madras; Salem and Coimbatore districts. 

- Returned from furlough on the 15th May 
1897; head-quarters and Eastern Bengal ; 
cold weather season in the Central Prov- 
inces, 

. Madras ; Salem district and Coorg. 

- Returned to duty on the 17th March of this 
year ; head-quarters, 

. Assam and Central Provinces. 

. Headquarters, Assam and the North-Western 
Frontier. 

- South Rewa, Assam and Bhopal. 

« Burma and Assam. 

« Joined the Department on first appointment 
on the 8th May 1897, andis attached to 
Mr. Holland in Coorg. 

- Chota Nagpore head-quarters; and furlough 
from 1897. 

- Bombay Presidency. 

The officers of the Department were grouped into 


the following parties during the period under report:— 


Madras Presidency— 
Salem and Coimbatore districts . Mr. Middlemiss. 


Coorg 


Bombay Presidency . . 
Rajputana Agency 


Central Provinces 


Mr. Oldham. 

», LaTouche. 
a) Ose. 

5, OMmith, 

», Hayden. 

», Vredenburg. 
», Grimes. 


7 


» Holland. 
( ° snes e erolland, 
» Walker. 


. Lala Kishen Singh, 
° ; . Mr. LaTouche. 


Central India Agency . » », Vredenburg. 
7 : ol Sy eeoset 
»» smith, 
: : oe 5 “Smiths 


Assam 
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Burma : : : « Mr. Grimes, 
North-West Frontier ° ; a> Hayden. 


1. Earthquake inquiry. 

A great event which affected the Department, may be referred to as the 
“great earthquake’’ of the 12th June 1897, As it 
THE EARTHQUAKE OF turns out now, it forms one of the largest, perhaps the 

THE 12TH JUNE 1897. ; : : 
most extensive phenomenon of the kind known to 
mankind, at least as regards the great land-area over which it was felt. 
Government decided that a most searching inquiry, followed bya full report, 
should be instituted, and with that end in view all officers of the Department 
who were then available, were deputed to various parts of Assam and Bengal 
to observe and investigate the effects of the earthquake; Messrs. LaTouche, 
Bose, Smith, Hayden, Vredenburg and Grimes were engaged on that work, 
and in addition Mr, Oldham made two short trips into the disturbed country in 
August and October last year, and during the last field season he was engaged 
in traversing parts of the Garo and Khasia Hills, where the centre of the disturb- 
ance was, in order to study certain effects of it in greater detail, which may 
help in forming an explanation of the probable causes of the earthquake. He 
has been charged with the working out of all the reports and studies into a 
fully illustrated description of the event, which will be published in the 

memoirs of the Department, 

At the same time orders were issued by Government to the local 
authorities to report fully on the effects of the earthquake. All the telegraph 
offices throughout India were instructed to report the time at which it was 
felt, and similar information was called for from all the station-masters on the 
line of railways within the area likely to be affected. Circulars have also 
been widely distributed and communicated to the press, which has readily 
assisted in the endeavour to collect information. 

Mr. Oldham has sent in several very interesting notes during the progress 
of his inquiry, together with a short paper which is given here. 

“At first there was a natural tendency to associate the earthquake with 
the great flexure which skirts the southern edge of 
the Assam range. This was believed to be a region 
of tectonic movement, while the plateau to the north 
was regarded as a more stable region. 

The existence of the depression of the Brahmaputra valley shows that this 
region has, in geological recent times, been subject to extensive changes of 
level, but the tendency to regard its southern edge as the principal zone of 
movement, in view of the geological structure and orographical relief of the 
region, probably represents the truth. From this it was a natural step to 
conclude that what had been a zone of greatest movement in recent times, 
was also the zone along which the forces of the earthquake must be looked 


Mr. R. D. Oldham on 
the earthquake. 


General Report. 17 


for. Ata very early stage in the investigation of the earthquake this conclu- 
sion became questionable. It was found that if the centre was placed 
anywhere along the southern edge of the hill, there was a most unaccountably 
rapid falling off in intensity of the disturbance in a southerly as opposed toa 
northerly direction. Further, as soon as it was possible to arrange for some 
sort of a record of the aftershocks, it was found that at stations along the 
northern edge of the hills they were extremely abundant, so much so that in 
preparing a list of aftershocks, I found it necessary to exclude the returns 
from Goalpara and all places south of the Brahmaputra in that district,- as 
well as those from Shillong and Tura. All this region was subject to a num- 
ber of small shocks which. did not spread beyond it and which seemed to 
be for the most part very local in their extent even within the region lying 
between the three stations mentioned. 

From these facts, the supposition, that the centre of the earthquake lay 
along the southern edge of the hills, was discredited and we had to look for 
it further north, but as the scanty knowledge of the geology of the northern 
part of these hills gave no indication of any leading tectonic feature, there 
was nothing to guide us toa conjecture as to the exact position, and I was 
deputed to examine the Khasi and Garo Hills during the working season of 
1897-98 with a view to the filling in of this blank. In spite of the limited 
time and the forest-clad nature of the country, which practically forbids any 
deviation from the beaten tracks, some important results have been obtained. 

In the eastern part of the Garo Hills, and about the centre of the range, 
there are several pools which have been formed by a reversal of the slope of 
the stream beds. They vary in size, the largest being about 13 miles long 
and 18 feet deep, the other smaller. In many cases these, so far as I 
could discover, did not Owe their origin to a fault appearing as such at the 
surface, the stream bed has been elevated, or depressed, in a gentle roll, and 
as the streams flow in rock beds this must be due toa deep-seated deformation 
of the surface. Towards the northern edge of the hills I found some faults 
which appeared as such at the surface. Omitting the smaller ones, to which 
some doubt attaches, there are two principal ones: one at the Samin can be 
traced for about 24 miles witha general direction of N.W. by W. and a 
maximum throw of g feet at the surface ; the other in the Chedrang Valley has 
been traced for 12 miles before it becomes lost under the alluvium of the 
Brahmaputra valley at Jhira Hat. Thethrow varies largely and will fall from 
20 feet to nothing within a few hundred yards; the maximum actually 
measured was 32 feet. 

This fault in itself would be sufficient to account for an earthquake of the 
first class of magnitude, but it is only a small part of the cause of that of 12th 
June 1897. There are the other disturbances of the surface to be considereid, 
and in assigning a cause to the earthquake we must either regard each dis~ 
placement as the sign of a separate focus and the earthquake itself as a 
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compound one, consisting of a number of earthquakes which all occurred at 
once; or we may regard these surface displacements as themselves only 
secondary and indications of a more general and simple disturbance, 

There is one, and so far as I can see, only one, supposition which would 
explain all the facts, and that is the existence, or the creation, of a nearly hori- 
zontal fracture or ‘rust plane along which the upper part of the earth’s crust 
was pushed over the lower. This plane would nowhere come to the surface 
and the movement of the upper layer against the undisturbed crust beyond - 
the limits of the fracture would give rise to just that compression which would 
account for the conspicuous displacements of surface levels seen in the 
eastern part of the Garo Hills District, and less conspicuously to the east and 
the west. 

In this conclusion, we find an easy explanation of the area over which the 
shock had a maximum of destructive energy, without postulating an impro- 
bable depth for the focus. There is no necessity or reason to suppose that 
the thrust plane lies at any great depth from the surface, and it is possi- 
ble that 5 miles may represent a maximum rather than a minimum value, but 
what the focus loses in depth it gains in area, 

The eastern limit of this thrust plane extended to, but probably not much 
beyond the meridian of Shillong. To the west it probably extends under the 
alluvium of northern Bengal, perhaps as far as E. Long. 89° ora distance of 
about 180 miles. The breadth from north to south is 35 miles within the 
Garo hills, in the eastern part of the district, and to the north it extends 
under the alluvium of the Assam valley, possibly for as far again. These 
dimensions, 189 miles by 70 miles, must be taken as extreme limits, which is 
at present no reason to suppose were greatly exceeded. It seems certain that 
the thrust plane had its greatest width, and consequent greatest movement, in 
about E. Long. gt° ora little to the west, but permanent displacements of 
lesser extent have been recognised throughout the rock area within the limits 
mentioned. Outside the hills, in the alluvial plain, permanent displacements 
are marked by the surface disturbance of the alluvium and the extent of the 
epi-centre is largely a matter of inference ; but the main conclusion is wel! 
established, that the origin of the disturbance was not confined to a spot ora 
line, but extended over a large area. 


2, Surveys in the Madras Presidency. 
The survey of the Salem and Coimbatore Districts, which under Mr. 
Middlemiss’s superintendence has been going on since 
Salem and Coimbatore December 1893, and which before that time had been 


istricts. : : 
eas, Middlemiss. | Conducted intermittently by Mr. Holland, should have 
T;.H. Holland. been finished some time during 1897, but owing to the 


importance of the work, demanded another season to more or less finish it, 
Mr. Middlemiss will now prepare a detailed report on his investigation, which 
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were largely of an economic character, which report may be expected to be 
completed during the cold season of this year. Until Messrs. Middlemiss and 
Holland hand in their reports it is almost impossible to give a fair summary 
of their labours. The survey’ could not be carried on systematically as in 
Other parts of India, the nature of the work demanding constant changes 
from one special inquiry to the other, but I fully expect that the final result of 
the work will afford a valuable key to the interpretation of the rocks of South. 
ern India, such as the Department has never obtained before. 


The survey of the eastern part of the Tirupatur talug, Salem District, 

; ,. Which had been begun in December 1896, was con- 

ts £- tie the alta tinued during the first three months of 1897, and that 

weather of 1896 to 1897. of the Javadi hills has been continued. The most 

Quartz, barytes rock. : : ; 

interesting result has been the discovery of a number 

of veins of a rock composed of quartz and barytes. The rock shows none of 

the parallel arrangement of the minerals usual in mineral veins, and has, in 

the field, all the appearance of an intrusive rock. Apart from its mode or 

occurrence which is that of a true pegmatite, there does not seem to be any 

ground for supposing that the barytes is a pseudomorph after orthoclase, and 

the field evidence points to the conclusion that the barytes was an original 

constituent of the rock, but whether the rock is an altered form of pegmatite 
or not, it is a remarkable and probably unique occurrence of barytes. 

In Messrs. King and Foote’s memoir on the Salem, etc., districts (IV, p. 
271) teference is made to a form of gneiss which has 
the appearance of being penetrated by a net work of 
veins of trap, to which the name ‘trap-shotten’ was applied. These rocks 
have been examined, and in the opinion of Mr. Holland the dark coloured 
veins are not due to the injection of basic trap, but to the partial fusion of 
ferruginous veins of hydrous minerals (epidote, etc.) by the heat produced 
during the movements by which the rock has been shattered along the lines 
where the ‘ trap-shotten ’ gneiss is found. 

A glassy looking mineral has been found in a dyke of pegmatite 
S. W. of Andiappanur. Itis yellow brown in colour 
practically isotropic and has a sp. gr. of 3°45 in slightly 
altered specimens, Its characters have not yet been worked out, but it is 
almost certainly one of the minerals composed largely of the rare earths. 
Although it resembles tseheffkinite in appearance, its specific gravity more 
nearly approaches that of keilhauite and allanite. 

The preliminary investigation of the corundum bearing rock near Palakod 
has been closed and a report submitted, which will be 
published in due course. Three lenticles have been 
found within a distance of 25 yards along the strike. From this it would 


‘Trap-shotten gneiss, 


Allanite ? 


Corundum, 


1 During the course of the survey, besides the officers who were actively engaged on 
the work this yea r, M essrs. Warth ond Smith were also employed on it. 
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seem that there is no lack of corundum so far as quantity goes. Two 
samples of 2olb. each, accompanied by samples of the rock, have been 
sent to the Imperial Institute, through the Reporter on Economic Products 
to the Government India, for valuation and report. Another sample 
has been sent to Messrs, Lyall, Marshal & Co., of Calcutta, who have kindly 
agreed to have the sample valued and reported on by their correspondents in 
America, and three samples have been sent to Messrs, Binny & Co., Perry 
& Co., and Dymes & Co., of Madras. On receipt of the reports on these 
samples it will be possible to judge whether there is any prospect of working 
the rock at a profit. << 

In the course of the survey the iron ores of the Javadi hills were examined. 
The result shows that the upper parts of the ridge con- 
tain several beds of magnetite with hematite and quartz 
of the same general arrangement and appearance as those of the Kanjamalai 
and Tirtamalai. At the western base of the hills the mottled gneiss ascends 
about one-third of their height. Then comes hornblendic gneiss and a series 
of magnetic iron beds interbedded with hornblendic, micaceous, garnetiferous 
and hypersthene-bearing gneisses. These bands of iron ore all run N.N. E. 
and S. S, W. parallel to the run of the ridge and are marked by prominent 
ridges and platforms standing out from the slopes. The lowest and most 
prominent, about 100 feet thick, has been traced from Monellimalai, near 
Pudur to Methamalai, S. E. of Alangayam—a distance of 16 miles—and a 
large number of specimens have been taken for analysis and distribution, 

After a short recess season, field work was resumed in the Coimbatore 
district on 18th June 1897. In the neighbourhood of 
Kamgayam, elzolite-bearing rocks have been found, 
containing crystals of elzolite 3 or 4 inches in diameter. The prevalent rock 
is described as fine grained and darkened in colour by the abundance in it of 
magnetite, graphite and ferromagnesian silicates, amongst which biotite and 
hornblende are the prevailing forms. This rock is cut through by coarse 
grained veins composed of elzolite and felspar with smaller quantities of 
graphite biotite and green apatite. Mr. Holland tegards this rock as geneti- 
cally connected with the corundum of Kangayam. He refers to Morozewicz’s 
artificial production of corundum by the devitrification of slags containing 
over 30% of alumina and rich inalkalis; and points out that the elzolite 
contains over 33% of alumina, and is in great excess amongst the rock con- 
stituents, 

The quartz-magnetite schists near Uttukuli and Viziamangalam Railway 
stations were examined and found to be associated with calciphyres and 
pyroxenic and garnetiferous granulites. Similar schists are associated with 
hornblende-norite at Madukarai, 7 miles south of Coimbatore, where the well 
known coccolitic marbles appear to be associated with pyroxene scapolite 


granulites similar to those associated with the ruby-bearing limestones of 
Burma. 


Iron ore. 


Eleolite-bearing rocks. 
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Mr, Middlemiss was principally engaged in the survey of the neighbour- 
hood of Coimbatore. He finds the lowest-lying rocks of the region to con- 
sist of a well foliated gneiss composed of quartz felspar and black mica. The 
foliation of this rock is bent into two long and gentle anticlines with a shallow 
syncline between them. On either hand to the north and south they pass 
under a series of basic and ultrabasic rocks which again pass upwards into 
normal charnockites. Lambton’s peak near Coimbatore, lies on a sharp 
syncline ; the lower slopes are formed by the more basic members of the 
charnockite series, while the higher crags are composed of paler coloured and 
more acid members of the same series of rocks, 

Mr. Holland was engaged in the examination of the neighbourhood of 
Salem and part of the Shevaroy hills. The Shevaroys are composed of rocks 
of the charnockite series, principally the intermediate type which form the 
bulk of all the larger exposures ; a trap dyke can be traced in a north-west 
to south-easterly direction right across the hills, but becomes lost on reaching 
the schists of the Salem-Atur valley. Seven miles off to the south-south- 
east a dyke of the same rock running in the same direction is found, but the 
continuation would lie 35 miles to the south-west of the Shevaroy dyke: It 
is doubtful whether these can be regarded as continuations of the same dyke, 
broken by faulting, and it is more probable that they are independent dykes 
of the same composition. 

On the west side of the Shevaroys Mr. Holland finds the normal charnoc- 
kite abruptly cut off and replaced by the varied rocks of the low ground, 
amongst which the most prominent forms are highly garnetiferous hornblende 
pyroxene granulites. The line of separation is probably a fault, which runs 
northwards from Salem towards the chalk hills, and Mr. Holland suggests 
that it probably determined the precise locality of the peridotite outbursts of 
that area. It may also be suggested that this fault line may be genetically 
connected with the elevation of the Shevaroy hills, and that they may owe their 
existence, in part at least, to special elevation, and not solely to thé greater re- 
sistance to denudation offered by the rocks of which they are composed: 

(1) First part was spent in the southern parts of Coimbatore district in the 
2 SS Seb iy accessible parts of the Aninalla; 

work during the cola “tlls, which were entered along 3 lines, 
weather, season 1894 to giving 3 cross sections, Owing to dense 


1898. é 
Animallai hills. forest the work was. difficult and slow. 
Fnpublovecdecbivtata The results showed that these hills do not 
gneiss. j : ay Cea 
Eide oteitt Weise the least resemble the Nilgiris geolo- 
dulating strata. gically, being composed for the most part 


of a very guartzose hornblende biotite 
gnetss well foliated, in great horizontal or 
gently undulating beds forming magnificent scarps and plateaux above, the 
latter of which at elevations of 3,000—4,090 feet are now being extensively 


Porous soil. 
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opened out for coffee planting. From the fact that the rock is different 
from that of the Nilgiris and weathers into an extremely light porous 
soil I anticipate a great success to the planting community; 


Only a few minor layers in the gneiss yielda little augzte, and hy persthene 

Mugite add hypersthene VOUS of pegmatite occur, but no_ basic 

gneiss. dykes are found in this part of the country, 

(2) Examined the Kanjamallat hill near Salem, for the purpose of. 

selecting 2 fous trom ore for despatch to 
England (see special report sent in). 

(3) Railway cuttings between Coimba- 

tore and Sankaridrug examined by trolly. » 


Kanjamallai Iron Ores. 


Railway cutting, etc. 


(4) Sethurama Rao, the native assistant of the party, finished mapping’ 
some parts near Kaveripuram and the hills N, E. Sankaridrug. S. Rao 
had accompanied Mr. Middlemiss for about two years as an assistant, 
temporarily employed, and he seems to have shown great zeal and usefulness: 
in certain details of work. 


eer H.. Hecate: As a result of his investigation in the Salem and 
Work during the seasons Coimbatore districts of Madras, Mr. Holland has 
eee S07 compiled three reports :— 


1. The Charnockite series of South India. 


2. On an elzolite-syenite containing graphite, and associated with corune 
dum, in the Coimbatore district. 


3. The geology of the Shevaroy hills and the neighbourhood of Salem, 


The following is extracted from these papers :— 
“IT have prepared a memoir on the charnockite series of South India 
Be Se By giving a detailed account of the microscopical and 
Charnockite series of Chemical characters. of the normal as well as the 
Sant eats altered varieties, together with an account of their 
leading field characters and the scenery of the areas in which they are so 
largely developed. The rocks which are grouped together under this name 
constitute the largest formation in the crystalline schists of the Madras 
Presidency, forming besides numerous small hills, the main mass of the 
Shevaroys and Nilgiris, with a portion, at least, of the Polnis, and the Travan- 
core ghats to Cape Comorin. Similar rocks are known in Burma, Ceylon and 
again in Madagascar ; infact, they must have constituted the protaxis of the 
old pre-cretaceous continental ridge connecting India and Africa, 

In. the field, as well as under the microscope, these rocks present a strik- 
ing individuality, which enables the worker to separate them at once from the 
other groups of gneisses. The one constant feature throughout all varieties 
is the presence of hypersthene amongst the mineral constituents. They 
vaty in composition from acid types, containing 75 per cent. of silica, to 
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— 


ultra-basic pure pyroxene rocks, containing only 48 per cent. of silica. The 
leading varieties are, in order of descending acidity :— 

(1) Charnockite, or hypersthene granite. 

(2) ‘*‘ Intermediate ” or mixed forms. 

(3) Norites. 

(4) Pyroxenites. 

The type mass selected for charnocktte is the central portion of the hill 
south of the powder magazine near St. Thomas’ Mount, Madras. The mass 
selected for the typical zort¢e of this series forms the flank of the same hill. 
The “ intermediate”’ varieties are typically developed in the Shevaroy hills 
where the rocks have an average specific gravity of 2°775, anda composition 
equivalent to about one part norite to three parts charnockite. The typical 
masses of pyroxenite form narrow dykes in the hill near Pammal village, 
west of the railway station of Pallavaram, near Madras. Specimens of each 
of these types are preserved in our Museum and will be supplied also to the 


Madras Museum. 


F.*.4] GHARNOCKITE . NoRITE. 
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Map showing Type Masses of CHARNOCKITE and NORITE, near St, Thomas‘ Mount, 
Madras, 


24 General Report. 


The nearest foreign equivalents of this group of rocks are those known 
to the German geologists as ‘‘ pyroxene-granulites,” well known from the 
Saxon occurrences, and to the French geologists as “pyroxene gneisses” 
which are well developed in Brittany. The norite groups of Scandinavia are 
also probably the same, and from these Professor Vogt in.1893 described, as 
a new type, a hypersthene-granite precisely similar in composition to our 
charnockite, whose discovery was announced in our Records at the end of 1892. 

Before the microscope was employed in Indian geology, the~ older 
‘members of the Survey had fully recognised the peculiar field characters of 
this group, and referred them to the younger (upper) division of the gneisses 
in contradistinction to the more granitoid types which were considered to 
be older. All recent researches tend to confirm this view, which is in agreement 
with the classification of similar rocks in France, Scandinavia and America. 

But the older ideas concerning the origin of these rocks probably needs 
revision. Following Lyell, most of the old geologists considered the banding 
and foliation of the gneisses to be evidence of their sedimentary origin, but 
as precisely the same structures have now in several instances been found in 
undoubted eruptives, even of tertiary age, the banding and foliation struc- 
tures can no longer be regarded as reliable evidence, and the origin of each 
group of gneisses must depend on its own local features. With regard to the 
charnockite series the chemical composition, mineral characters, and many 
of their structures are completely paralleled amongst well known igneous 
rocks, whilst no sedimentary rocks are known to present these characters. 
In addition to this, narrow dykes of these rocks have recently been found in 
Coorg showing the characteristic basic and chilled selvages of igneous intru- 
sions. It is concluded, therefore, that though this group of rocks may still 
be retained in their old position amongst the gneisses they must be con- 
sidered to be igneous rocks erupted into still older gneisses. 

Mr. R. Bruce-Foote, late Superintendent in this Department, who has 
made a more extensive field study of the South Indian crystallines than any 
other geologist, agrees with this retention of the group in its old-established 
position amongst the upper gneisses, and also with this revision of our 
opinions as to the nature of its origin. 

Geology of the neigh- The rocks examined near Salem last August form 


bourhood of Salem. the following groups :— 
(1} Quartz-rock. 
(2) Augite-diorites (diabases) and augite-norites with micro-peg matite. 
(3) Peridotites, 
(4) Charnockite series. 
(5) Biotite gneisses, thinly foliated “ leaf-eneisses,” and quartz-magne= 
tite-hornblende schists. 
The great masses of quartz forming the “white elephant rocks” on the 
southern slopes of the Shevaroys were found, on microscopical examination, 
o contain numerous cavities filled with liquid carbonic acid, such as are 
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usually found in intrusive veins of quartz. This confirms Messrs. King and 
Foote’s conclusions as to the origin of these great isolated masses of quartz 
(Mem., G.S. L., Vol. IV, p. 339). 

The exposures of group 2 completely resemble in characters the corre- 
sponding types already described in my papers on the South Indian dykes 
(Records, G, S. I., Vol. XXX, p. 16 and Quart. Journ. Geol. Soc., Vol, LIII, 
p. 405). The ‘‘ Chalk Hills” area was described by King and Foote in their 
memoir to accompany sheet 79 of the Indian Atlas. The rocks were found 
by me in 1892 to belong to the family of periotites (Records, G. S. I., Vol. 
XXV, p. 143), and further details concerning the magnesite were published 
by Mr. Middlemiss in 1896 (Records, G, S. I., Vol, XXIX, p. 31), 

The charnockite series forming group 4 consist of the ‘intermediate ” 
varieties, augite norites of the ordinary kind, as well as of a coarse garnetifer- 
ous form, and pyroxenites. The last two varieties form lenticular masses in, 
and are considered to present intrusive relations to, the members of group 5. 

The Shevaroy Hills form a good typical example of a large mass (cover- 
ing 100 square miles) composed almost wholly of the “intermediate” 
varieties of the charnockite series. Here, as usual, these rocks present the 
common internal features of a great igneous massif in the presentation of 
basic schlieren and of acid contemporaneous veins. The average specific 
gravity of 48 specimens taken from different parts of the hills is 2°775, 
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Flan showing tongues of unaltered CHARNOCKITE II. 889 corroding highly crushed 
BIOTITE-GNEISS I1'890. 
In quarry, 3} m. S.jof Salem on the Namakal road. 


(The figures indicate the numbers of the specimens in the Geological Museum, Calcutta.) 
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The most important member of group's is the biotite-gneiss, because its 
peculiarities are so exactly preserved in some gneiss pebbles of the Dharwar 
conglomerates, whose origin can thus, as far as petrological correlation 
permits, be determined. 

Besides the evidence of the lenticular masses, the relative ages of this 
rock and the charnockite series are determined by a very interesting exposure 
south of Salem. These tongues of charnockite, protruding from the large mass 
forming the Jarugamalais, are seen to transgress across the foliation planes 
of the biotite-gneiss, and whilst the charnockite tongues imperfectly psendo- 
morph the old structures of the biotite.gneiss, the former are quite fresh and 
unaltered, whilst the latter rock is crushed, and its constituents greatly 
changed. The charnockite must, therefore, have attained its present position 
by transgression after the consolidation, and even crushing, of the older 
biotite-gneiss. 

The elzeolite-syenite of Sivamalai in the Coimbatore district is found to 


Elaolite-syenite include the following chief types :— 
with graphite in 
Coimbatore. 


(1) A foliated variety containing graphite and biotite—the prevalent 
type. 

(2) Coarse grained contemporaneous veins cutting through (1), and 
composed principally of elzolite and microperthite in crystals 
sometimes four or five inches across. 

(3) A granulitic form devoid of graphite but containing microcline 
and plagioclase. 

(4) A mottled variety in which hornblende has partly replaced the 
biotite and is accompanied by calcite. 

(s) Basic lenses composed principally of hornblende with calcite, 
eleeolite and smaller quantities of the other ordinary consti- 


tuents. 


As is the case in the typical occurrences of this remarkable group of 
rocks, the elzeolite-syenite of Sivamalai is accompanied by large masses of 
augite-syenite which, like the typical laurvikite of South Norway, contains 
olivine. 

The peculiar features revealed by these groups of rocks are of very great 
interest in their bearing on petrological problems which have recently come 
into prominence: in the first place, elzolite has never been found amongst 
the old crystalline schists, but is always found as a constituent of undoubted 
eruptive rocks. At the same time graphite has always been considered to be 
a typical constituent of metamorphic rocks, its occurrence in which has 
been supposed to be proof of their sedimentary origin, whilst it is not known 
in unequivocal igneous rocks, But in Sivamalai these two minerals, elzolite 
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and graphite, are found together as evenly distributed and essential consti- 
tuents of the same rock-mass. Asall the other evidences, chemical composi- 
tion included, point to the similarity between this rock and the known 
eleolite-syenites in other parts of the world, the Sivamalai mass must be 
considered to be of igneous origin, in which case, whilst we have to revise our 
ideas concerning the nature of graphite, the presence of this mineral in the 
eleolite-syenite adds another variety tothis group, every occurrence of which 
presents a peculiarity of its own. 

Accepting the conclusion that this elzolite-syenite agrees with all other 
occurrences of the rock in being of igneous origin, the peculiar features 
which it here presents, throw great light on many other problems in the crystal- 
line area of South India. Some of the members, for instance, of the charnoc- 
kite series (which constitutes probably the largest formation in South India), 
have been found to contain graphite which hitherto has appeared to be in 
conflict with the many evidences pointing to the igneous origin of these 
rocks. Another difficulty that may now be removed is the constantly 
granulitic structure of the lenticular masses so common in the Archean 
gneisses: these lenses of elzolite-syenite presenta similar granulitic struc- 
ture and foliation; but in some cases the peculiar interlocking of consti- 
tuents in igneous rocks has been preserved, whilst where slight deformation 
has occurred the branched crystals are found to be dislocated, though still 
preserved in groups, and presenting a true granulitic structure. The granulitic 
structure thus remains no longer a difficulty in the lenticular masses which in 
mineral characters and chemical composition completely resemble known 
igneous rocks. 

But the most important feature in connection with this discovery of 
elzeolite-syenite is the bearing it has on the origin of the corundum associated 
with it. The corundum is found in a felspar rock which invades the 
elzolite-syenite inthe neighbourhood of Sivamalai, and is worked by the 
villagers at or near the junction of the two rocks. As the elzolite-syenites 
contain a higher percentage of alumina than any other known igneous rocks, 
it is natural to look to it as the source of the excess of alumina which has 
crystallized out near the junction as pure corundum. The observation is 
all the more interesting because corundum, precisely similar in crystallogra- 
phic characters to that near Sivamalai, has been prepared artificially by 
simple fusion of the mineral elzolite.* 

All other occurrences of elzeolite-syenite have been characterised by the 
occurrence init and the associated rocks of minerals containing the rare 
elements. No exhaustive chemical investigation of the Sivamalai rocks has 
yet been undertaken, but it is notlikely to prove an exceptionto the rule, 
and indeed two or three minerals have already been found in these rocks 


® Hautefeuille and Perry; Bull. Soc. Min, XIII, p. 147, 1890. 
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which cannot be referred to any well-known species, and therefore cannot at 
once be identified. 

General considerations ——Two very interesting points arise out of our 
recent study of the Madras crystalline rocks :— 

(1) The remarkable abundance of the mineral pyroxene, and, 

(2) The great freshness of minerals like olivine and elzolite which 
in Europe are almost always badly decomposed, even in rocks 
of comparatively young geological age. 

The first point isin agreement with our now well-established conclusions 
as to the long period of quiescence which peninsular India has enjoyed since 
lower paleeozoic times; for the pyroxenes are amongst the most susceptible 
of all minerals to dynamo-metamorphism. The second point arises naturally 
out of the first and indicates that, except in the immediate neighbourhood of 
the coast, the Madras Presidency has probably never since Cuddapah times 
been depressed below the sea-level, but on the other hand has undergone 
uninterrupted denudation, with the result that relatively deep portions of 
the crust have been brought to the surface. It is this exposure of the 
very deep-seated rocks by a continual denudation probably unequalled, 
except in the remarkable protaxis of Canada, that has revealed to us a set of 
tocks in Madras quite unfamiliar to our European experience; amongst 
these the quartz-barytes rock discovered during the past year in Salem and 
the elzeolite-syenite, now described from Coimbatore, are unique types. 

The following summary of field-work in Coorg has been sent in by Mr. 
Holland who was in charge of the survey: field-work commenced on the 

Gacec. 1st December last, and has continued without interrup- 

Mr. T, H, Holland and tion up to the present date. Previous to this survey 
Beisoed Inco of Coorg no information of any kind concerning its 
geology was available. 

I.—Petrography.—Except the alluvium and laterite, which cover consi- 
derable areas, no unaltered aqueous rocks have been found. Of the crystal- 
line rocks the following groups have been mapped and their leading features 
determined :— 

(1) Biotite-gneisses. 
(2) The Mercara group. 
(3) The charnockite series. 
(4) The central granite-group, 
(5) The norite ‘stock ” of Watekolli. 
(6) Dharwars, 
(7) Basic and ultra-basic rocks intrusive since the close of the 
N.W.-S.E. system of foliation. 
(1) The drottte-gneisses are similar in character to those generally 
considered to represent the older (lower) division of the 
_gnejsses and require no special mention. 
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(2) Under the name Aercara group 1 propose to distinguish a belt 
of thinly foliated gneisses and schists forming the Mercara 
plateau, and stretching in a N.W. to S.E. direction along the 
centre of Coorg. The most remarkable feature in connection 
with this group is the enormous abundance of the mineral 
kyanite, which is usually comparatively rare. Sometimes there 
are bands of almost pure kyanite, whilst at other times it is 
associated with quartz, biotite, graphite, purple garnet and 
rutile. Towards the south-east end of the belt occur exposures 
ofa very handsome variety, composed of deep-blue kyanite, 
in crystals two or three inches long, with chrome-green euphyl- 
lite and a small quantity of quartz. With the kyanite-schists 
which form the predominant type, there occur garnetiferous 
biotite-gneisses and quartzites in subordinate quantity. Bands 
and lenticles of green amphibolite and veins of pegmatite are 
very common. The latter sometimes contain large mica 
crystals. Although the characters of this group are in general 
agreement with those which usually mark the. younger 
(upper) division of the gneisses, the great abundance of kyanite 
distinguishes it from any other formation so far described in 
India. It is interesting to note that the distribution of the 
Mercara group is roughly coincident with the most productive 
belt of coffee plantations. 

(3) The charnockite series flank both sides of the Mercara group and 
present the normal characters displayed elsewhere in the south 
of India. Several interesting exposures have, however, been 
found which throw great light on the origin of this group of 
rocks. On the N.E. side of Coorg the large masses are 
fringed by numerous bands of the intermediate and basic 
varieties, runnin g like dykes through the surrounding . biotite- 
gneiss, and generally, but not always, parallel to the foliation 
of the latter. Careful examination of some of these show 
that they are more compact and basic atthe selveges than 
in the centre of the bands, and microscopic examination 
shows that the marginal portions are more hornblendic, a 
feature which characterises the border facies of similar pyroxe- 
nic intrusives elsewhere, At the same time, these dykes, as they 
must now be recognised to be, contain the essential and usual 
constituents of the charnockite series, presenting their charac- 
teristic habits, and, like the larger masses, often contain garnets, 
It is interesting to find that these marginal. portions of the 
dykes agree with the basic, fine-grained secretions of the larger 
masses in being more hornblendic than the average type, both 
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being the products of early consolidation in their respective 
intrusions. Taken into consideration with the phenomena 
noticed last year near Salem, where tongues of unaltered 
charnockite were found corroding a highly crushed gneiss, the 
dykes recently found in Coorg may be regarded as conclusive 
evidence in favour of the intrusive nature of the charnockite 
series. Though these recent observations necessitate a change 
in our views concerning the origzz of these rocks, they tend 
only to confirm their position in the classification of the 
Archzean rocks adopted in the earlier days of the Geological 
Survey and recently repeated by Mr, Foote in his memoir on 
Bellary. 

large stock of porphyritic biotite-granite crops out in the centre 
of the belt of Mercara schists, and further exposures of the same 
rock have been found to the south-east, near one of which was 
discovered a felsitic form with bi-pyramidal phenocrysts of quartz, 
The granite must have consolidated before the completion of 
the N,W.-S.E. system of folding was complete, and consequently 
it shows the characteristic strain-slip cleavage with slickensides 
lubricated by crushed mica—the result of crushing after con- 
solidation. Except at some points on its western border, where 
it is limited by a (probably faulted) junction with the Mercara 
group, there are practically no exposures sufficiently clear to 
settle the relations of the granite to the other rocks, Near its 
margin, however, masses of sillimanite-gneiss have been found 
in the granite and probably represent a contact product due to 
alteration of the kyanite-schist, which would be a perfectly nor- 
mal occurrence, So far as it goes, then, this evidence points to 
the granite being younger than the Mercara group. 


(5) The large mass of norz/e at Watekolli forms a distinct addition to 


Indian petrology. The crystals, sometimes an inch or two 
long, of pink labradorite and schillerized pyroxene make a very 
handsome rock. Besides the coarse-grained forms, there is a 
compact, granulitic, marginal facies, containing hornblende, 
which is extremely difficult to distinguish from the basic forms of 
the charnockite series, the similarity being accentuated by local 
foliation. This rock must have been erupted near or after the 
close of the earth-movements which foliated the rocks of the 
western Ghats. 


(6) Hornblende-schists and quartz-hematite schists similar to those of 


the Dharwar System form two very small strips in the extreme 
north of Coorg. They are cut through by both systems of basic 
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dykes, and are foliated as well as banded with apparent con- 
formity to the biotite-gneiss. 

(7) Next in order come the Jasze and ultra-basic intrusives, which show 
no foliation and sometimes form dykes at wide angles to the 
youngest fold-axis. The w/ra-basic types include, besides some 
fine masses of pyroxenite, exposures of dunite (olivine-rock) and 
picrite, the former being decomposed after the fashion of the 
well-known occurrence of the ‘Chalk Hills,” Salem, with the 
formation of magnesite and serpentine. The dasrc dykes form 
two principal groups: one group shows considerable progress 
towards the formation of epidiorites by granulation of the 
felspars and granular amphibolization of the pyroxenes, These 
form a N.S. series of prominent dykes in the N,E. corner of 
Coorg and represent an old eruption, probably of the Dharwar 
age. The others are remarkably fresh rocks, composed of 
augite and felspar in the south, but containing also olivine in 
the northern occurrences. One fine dyke of this group runs 
in a W.S.W.-E.N.E. direction completely across Coorg, ap- 
proximately agreeing with the boundary line of the low-lying 
taluk of Kiggatndd, and almost, though not completely, sepa- 
rating the basin of the Cauvery from that of the Lakshmantirtha. 
These large dykes of very fresh basic rock are probably the 
underground representatives of the Deccan trap. 


I1.—Structural features—The general direction of the foliation of the 
younger schists throughout Coorg is N.W.-S.E. or N.N.W.-S.S.E., that is, 
parallel to the direction of the western Ghats and of the Malabar coast-line. 
Our observations thus fall in with the evidence obtained by Mr. Foote as to 
the parallel folding of the Dharwar strips in western Mysore, and shows that, 
whilst the present contours may have been determined by the uninterrupted, 
geologically-long course of denudation, the leading features are,as in young 
mountain ranges, still coincident with the final system of folds. As one result 
of this N.N.W.-S.S.E. folding, the rocks in Coorg frequently show dislocations 
in the E.N.E.-W,S.W. direction which have determined the position of some of 
the younger dyke-rocks. In some cases the unequal folding on opposite sides 
of these transverse dislocations has resulted in horizontal displacement of the 
beds. The general dip of the foliation planes is towards the S.W.; it will be 
interesting now to find from the South Canara side whether the much steeper 
western face of the Ghats is the result of an opposed dip with the production 
of a synclinal fold and scarp face, or the mere effect of exposure to the un- 
checked force of the monsoon, 


-LTI.— Economic Minerals.—Graphite has frequently been found dissemi- 


nated through the rocks, but so far has not been observed in any concentrated 
form, 
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The discovery of pegmatites amongst the Mercara group led to a careful 
search being instituted for mica, with the result that in five or six localities 
sheets, well beyond the marketable size, have been obtained. The largest 
were obtained on Elk Hill, where from immediately under the soil, sheets 
free from warping and measuring some 30 inches across, were removed from 
the outcropof the vein. All samples show a high degree of elasticity and 
good colour, but much of the material will have its value depreciated by 
ferruginous inclusions between the cleavage-planes, whilst some of the mica 
is badly warped. Asto how far these defects reduce the value is now being 
ascertained in the London market.t It is extremely unlikely that the best 
veins have been the first to be “struck ” in an area so completely soil-covered 
but enough has been shown to prove that the mica-bearing pegmatites extend 
over a wide area, and will probably be a source of sensible profit if worked 
with discretion, 

The occurrence of the younger division of the gneisses at once suggested 
a search for limestone, which is specially in demand for the coffee planta- 
tions, but so far no trace of the rock has been observed. 

Linga Raja who built the palace at Mercara in 1812 has set the example 
of utilizing the diabase dykes for ornamental architecture ; but the large slabs 
which he secured could only have been obtained from such a close jointed 
rock by an enormous expenditure of labour. This rock is still much used for 
mill stones and mortars. There isa mass of coarse potstone to the south- 


east of Mercara, which might easily be turned into vessels, but has not ap- 
parently been worked. 


3. Bombay Fresidency. 


The country north and north-east of Ahmadabad in the Gujarat province, 

. ; to the Mahakdntha States was reconnoitred during last 
ala Kishen Singh. : r , : 

field-season by Lala Kishen Singh with the special 

object of defining the alluvial areas from the older rocks, which form the 

south and south-western extensions of the Aravalli ranges. No detailed 

report is at present available, but it may be expected that the results of the 


reconnaissance will not be of avery startling character, as is shown by the 
monthly diaries of work sent in already. 


4. Western Rajputana and South-Eastern Marwar. 


A great deal of geological survey work was accomplished in former years 
Me. THAD EL Penthe, in Western Rajputana ; Messrs. W. T. Blanford and 
Hacket have already described much of the country 


1 Since this report was written, an answer has been received from London, which shows 


that the defects mentioned do not materially lesen the marketable value of the mica, which 
will fetch very good prices at home. 
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around Jodhpur, but many of the more or less isolated hills which stand out 
of the sand-covered plain of Rajputana were geological blanks on our maps. 
Mr. LaTouche was engaged during the seasons 
1896 to 1897 on a detailed survey of that country, 
and during that season accomplished to fill in the geology between Jodhpur 
and the higher hills south of the Luni river, on which country he has sent in 
an interesting progress report, fully ijlustrated. I quote his summary :— 

By far the greatest portion of the country with which this report deals is 
covered with blown sand and alluvium, forming broad 
stretches of more or less level plain, diversified by 
low sand-hills, and when the seasons are favorable, 
bearing excellent crops, principally of millet. Atintervals in this plain isolated 
rocky hills rise abruptly from it, looking as though they were the peaks and 
ridges of some great mountain range, the lower slopes of which have been 
smothered in sand. The largest of these hills are found in the Siwana dis- 
trict to the south of the Luni river, where one mass, called the Saoru range on 
the map, reaches an altitude of over 3,000 feet above the sea, and another 
rises to between two and three thousand. All the rocks found in this region 
with the exception of a small area in the extreme north-east, in the imme- 
diate neighbourhood of Jodhpur City, are of various crystalline types, in- 
cluding ancient lavas, rhyolites and felsites with intercalated bands of tuff 
ashes and breccias, to which the name of ‘ Malani series’ was given by 
Mr. Blanford, intrusive dykes of diorite, and intrusive granites probably 
belonging to two distinct periods, one containing much hornblende and no 
visible mica, the other ,with both hornblende and mica in microscopic 
crystals. 

In spite of the great age of the rocks belonging to this series, and the 
great alteration which they have undergone, there 
is clear evidence, that when originally formed they 
were true volcanic ejectamenta spread out over the surface of the country 
and probably subzerial. All the well-known characteristics of glassy rocks 
can be observed in the lavas. Some of the flows show beautifully developed 
flow structure and may be called rhyolites. In some of them the original 
glassy texture has hardly undergone any alteration, so that a thin slice 
remains almost dark under the microscope between crossed nicols. Sphz- 
rulitic and perlitic structures occur in other cases, and some of the flows are 
vesicular. Moreover, in many places the lava flows are interstratified with 
tuffs, ash beds and breccias. 

That the volcanoes were subzrial is proved by the fact that beds of 

shingle composed to a large extent of the waterworn 
Conglomerates, asso debris of the volcanoes themselves are found in several 
places interstratified with the lava flows. These 


Season 1896 to 1897. 


General features of the 
country. 


The Malaniseries. 
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could not have been formed in deep water, since the pebbles are sometimes 
of considerable size, but were washed down by streams flowing over the 
surface of the lava beds, and they show that denudation of the surface was 
going on during the period of volcanic activity, 

No undoubted indications of the position of any of the verits through 
which the lavas were poured out have yet been found. 
This is not to be wondered at when we consider how 
large a portion of the region is concealed by sand, At Nagona, however, about 
33 miles to west-south-west of Jodhpur, the existence of a vent is conjectured 
from the presence of a mass of rhyolite felsite, in which the lines of flow 
are vertical, causing the rock to split into thin plates resembling shales. The 
fissile structure may have been imparted to the rock by pressure from the 
sides of a fissure through which it was erupted. The vent, if it was one, 
appears to have been in the form of an elongated fissure, the longer axis of 
which runs from south-east to north-west. On either side of this locality the 
lava flows were observed to dip away from it in opposite directions, and there 
may have been a true volcanic vent here, but it seems more likely from 
the absence of any general arrangement of the lava flows in a conical form, 
that the eruptions were of the fissure type. 

The exact geological age of the Malani series is still undetermined, 
because they have as yet been nowhere found in contact 
with rocks whose exact horizon is known. They are 
cettainly much older than the sandstones which rest upon them at Jodhpur, 
which are conjectured to belong to the upper Vindhyan period, for a conglo- 
merate largely made up of rolled pebbles and boulders of the Malani lavas, 
mingled with other crystalline rocks, is found at the base of the sandstones. 
So far they have not been found in contact with any of the rocks of the Ara- 
valli series, and their relation with the latter are still uncertain. 

The lava flows, at some time since their eruption, and after the develop- 
ment in them of joint planes, were invaded by dykes 
of a basic rock, containing plagioclase felspar and 
hornblende, which broke through them along the lines of jointing, the 
majority running due north and south. The dykes are usually much decom- 
posed and are more easily weathered than the felsites, so that they lie in 
trenches between vertical walls of the latter. They are most common among 
the hills to the south of the Luni, especially in the range of hills about 
6 miles south-west of Belotra, and only one was found to the north of the 
river, near the villages of Samdari. 

Subsequent to the intrusion of the diorite dykes, huge bosses of granite, 
very Coarse in texture and composed of quartz ortho- 
clase felspar and hornblende, were forced in among 
the felsites, probably along the axes of the folds into which these rocks had 
been thrown. Wherever the two rocks are found in contact, the granite 


Possible vent at Nagona. 


Age of the Malani series. 


Intrusive dykes; diorite. 


Hornblende granite. 
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throws off ramifying and interlacing veins among the felsites, and the latter, 
with the associated beds of tuff, are sometimes altered at the point of contact. 
The granite forms the greater part of the Suora range, the largest continuous 
mass of rock in the country. The distributions of the granite bosses is some- 
what peculiar. They lie along a fairly continuous ring, interrupted for any 
considerable distance only on its north-west side, measuring roughly r9 miles 
in diameter from east to west, and 16 miles from north to south. ‘Towards 
the centre of this ring the granite does not appear anywhere at the surface. 
The arrangement suggests that the lines of weakness along which the granite 
was protruded was circular in plan, and may have had some connection with 
the roots of a volcano. There is nothing however in the disposition of the 
felsite flows and ash-beds to bear out this suggestion, but they have been 
disturbed by folding, as is shown by the present inelination of the pebble 
beds interstratified with, which must have been laid down on a more or less 
horizontal surface, so that their original arrangement has been marked by 
subsequent earth movements. Although the granite has in some cases pushed 
aside the lava flows, in many other instances it has evidently invaded and 
absorbed them, since the flows can be seen to dip towards or strike against 
the steep sides of the granite bosses. 

That the hornblende granite is younger than the diorite dykes is proved 
by cases in which veins from the granite penetrate 
the dykes, and also by the fact that the diorite is 
never found intrusive in the granite, though it sometimes runs up into con- 
tact with the edges of the latter. 

Summary of Observations, Season 1897-98.—The ground surveyed and 
* Mr. LaToucue. mapped this season comprises an area of about 2,000 

Season 1897-98. square miles, lying to the south and south-east of that 
dealt with in my report for last year. The general features of the country 
are very similar, the greater part of it being covered with blown sand and 
alluvium, through which solid rocks protrude in patches of greater or less 
extent, forming rugged hills and ridges isolated from each other—a structure 
which makes it very difficult, and often impossible to trace the boundaries of 
the various formations. A portion of the ground had already been surveyed 
and mapped by Mr. Hacket, but in the only published account of his 
observations,! he gives very few details of the relations of the rocks to 
éach other. 

The principal object was to discover if possible the relations between the 
Malani volcanic series and the Aravallirocks. Mr. Hacket mentions one 
locality in which the Malani rocks rest upon rocks of a different type,? and 
two in which they are seen very close to each other. The first mentioned 


Age of the Granite. 


1 Records, G. S. I,, Vol. XIV, Pt. 4. 
2 Idem, p. 302. 
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locality is about 8 miles to the north of Chanod, and here the evidences of 
unconformity between the two formations seem to be clear, for not only is 
the strike and dip discordant, but in places a bed of coarse conglomerate 
containing rolled fragments of schist and slate derived from the lower beds 
is intercalated between them. Mr. Hacket was in doubt asto whether the 
slates and schists here were Aravallis, but there seems to be no difference 
between them and some slaty beds which occur in close proximity to a ridge 
of Malanis near Chotila, about 8 miles further north, which Mr. Hacket 
considered to be undoubted Aravallis. They are certainly in a much less 
metamorphosed condition than the schists found in the plain to the west, but 
it may be suspected that a fault of considerable throw must occur along the 
eastern edge of the area occupied by the Malani rocks, running ina general 
north-east to south-west direction. No outliers of the Malanis occur, so far 
as known to the east of this line. ionats 
Excluding the Aravalli schists, slates and quartzites, the whole of the rocks 
in this area were mapped by Mr, Hacket as gneiss, but it was found that 
although some of them may be described under that name the greater portion 
consists of true granite and that this can be referred both on lithological and 
stratigraphical grounds, to two distinct periods. The older granite which 
is typically developed in the neighbourhood of Erinpura, is an exceedingly 
coarse-grained rock, the crystals of felspar reaching a length of 3 inches or 
more, It is intrusive in the Aravalli schists, but was intruded prior to the 
movements which resulted in the folding of those rocks, so that it frequently 
exhibits a well developed gneissose structure, especially near the juncture. 
with the schists, the felspar crystals being drawn out into ‘ eyes’ surrounded 
with mica. The veins which it sometimes throws off into the schists have 
also been contorted and crushed. The newer granite, on the other hand, is 
not so coarse-grained, generally contains red felspar anda considerable 
proportion of hornblende as well as mica, and never exhibits any trace of a 
foliated structure. It forms a series of isolated hills and bosses, extending 
from near Jodhpur along the eastern edge of the Malani area to the town of 
Jalor, about 70 miles south-south-west of Jodhpur and 30 miles west-north- 
west of Erinpura, Itis intrusive in the Aravalli schists, and also in the 
Malani volcanic rocks, wherever it occurs in contact with them. The 
form of these granite bosses, their distribution, and their relations with the 
lavas, all suggest that they may occupy the vents from which the latter were 
poured out. 
Allthese rocks, including the Aravallis, are traversed by a system of dykes. 
of basic rock, diorite, varying in direction from about north-north-west to 
west-north-west. They occasionally reach large dimensions, as in the hill at. 
Jalor, where they break through the red granite, and in two cases at least 
are quite 200 feet wide. The rock of which they are composed usually 
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Weathers more readily than the sufrounding rocks, so that narrow chasms 
with vertical walls on either side are formed, and they are frequently found 
‘on the crests of narrow passes through the hills. 

The two granites mentioned above are distinguished from the hornblendic 
granite described in last year’s report as intrusive in the Malani series 
further west, in the district of Siwana, by the fact that the last contains no 
visible mica, and moreover has been intruded into the Volcanic rocks sub- 
sequently to the intrusion of the diorite dykes, which are never found 
piercing it. 

For the sake of reference it is proposed to adopt the following names for 
these granites provisionally, commencing with the oldest :— 


x. Erinpura Granite.—Forms a large spread to the north and east of 
the station of Erinpura, and extends beyond the limits of the area 
surveyed. Typically a very coarse-grained granite, with large 
crystals of white or grey felspar up to 3 inches in length, quartz 
and mica. Intruded into the Aravalli schists prior to their disturb- 
ance and folding, and near the junction frequently assumes a 
foliated structure. 

2. Jalor Granite—Forms a series of bosses extending from near Jodh- 
pur along the eastern edge of the Malani area to Jalor and prob- 
ably further south into Sirohi. The large hills in the neighbour- 
hood of Jalor are mainly formed of it. Generally a rather coarse- 
grained granite containing red or flesh coloured felspar, quartz, 
mica, and hornblende. Intrusive in the Aravalli rocks and in 
some portion of the Malani volcanic rocks, and traversed by 
diorite dykes. 

3, Siwana Granite——Forms the greater part of the high range imme- 
diately to the south of Siwana, and occurs in many other hills in 
this district. Usually a rather coarse-grained granite, containing 
white or red felspar, quartz and hornblende, but no mica, In- 
trusive into the Malani volcanic series subsequent to the intru- 
sion into it of dykes of diorite. 


All these again are distinct from the granite which occurs in dykes and 
veins among the Aravalli rocks of the main range to the east,! and which is 
characterised by the presence of tourmaline. This type of granite has not 
been met with west of the main range. 

The rocks of the Malani Volcanic Series occurring in the area. surveyed 
this season are generally similar to those described in{Mr, LaTouche’s progress 
report for last year, consisting of porphyritic devitrified rhyolites with 
occasional bands of ash, tuff and pebble beds. 


1 Hacket, Records, G. S. I., Vol. XIV, Pt. 4) p. 282, 
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All the rocks met with are of either igneous or mefamorphic origin, and 
no trace of any fossiliferous rock has yet been discovered in this region. 
Consequently it is impossible to refer the formations met with to any definite 
geological horizon. All that can be said is that they are older than the sand- 
stones which rest unconformably upon the Malanis at Jodhpur, which prob- 
ably belong to the Vindhyan period. 

Some progress has been made with a microscopic examination of the 
characters of the Malani lavas and allied rocks, So far the microscopic 
study entirely confirms Mr. Blanford’s conjecture, arrived at from an 
examination of the rocks in the field,! that they were originally, glassy lavas, 
which were poured out at the surface, 


5. Central India. 


The work in South Rewah, which had been carried on under Mr. 
South Rewa, Oldham’s superintendence during the previous season, 

B. Vredenburg. was continued single handed by Mr. Vredenburg 
during 1896 to 1897 and may be practically considered as-finished for the time. 
The progress reports sent are in the form of more or less disjointed 
descriptions of the different areas passed over and with the series of specimens 
collected will greatly assist the compilation of the final report on the 
Geology of Rewah, which will have to be written by Mr. Oldham. The results 
of the season’s work are more or less of local interest only. 

At the beginning of the last cold season Mr. Vredenburg was posted to 
* Bhopal and Gwalior, and he has not yet returned to 

head-quarters. 

Hé reports as follows: 

The region so far examined in Bhopal lies between the parallels 22° 30! 
and 23° 30! of latitude, and 77° 30’ and 78° 30! of longitude. The rocks 
exposed throughout this area belong to two of the principal geological 
systems of India, the Vindhyans and the basalt flows of the Deccan and 
Malwa trap, with their associated intertrappeans. Along the southern 
portion of the district surveyed, both series are much concealed beneath. the 
post-tertiary Narbada alluvium. . 

The basalt occursin more or less discontinuous patches, there being 
seldom any considerable interval entirely free from that rock; in many 
éases there remains but a sheet of small thickness occupying the floor of the 
Vindhyan valleys, while in other instances denudation has not proceeded so 
far and there are several hundred feet of accumulated lava flows rising into a 
plateau above which the highest portions of the ancient Vindhyan scarps form 


small inliers. 


Bhopal. 


1 Records, G. S.1., Vole X; Pt. 1, py 170 
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It is evident, frem the disposition of the geological boundaries, that the 
modern topography of the Vindhyans reproduces in its main lines the pre- 
trappean features, the ancient land surface being once more brought to light 
owing to the comparatively rapid disintegration of the basic volcanic rocks. 
Remains of a pre-trappean soil and talus exist in several localities, sometimes 
more or less altered by the contact of the molten lava ‘intertrappean ” 
beds both calcareous and siliceous are met with, sometimes limited on one 
side by the Vindhyan slopes whose drainage interrupted by a lava flow gave 
rise to the lakes in which these rocks were laid down. 

The proximity of the great masses of lava has produced no appreciable 
alteration in the Vindhyans, The most careful search has failed to detect 
any intrusive dykes or other signs of the immediate neighbourhood of 
volcanic centres ; these must have been situated along some other region, 
probably further south. 

The strata have suffered no disturbance since the basalts were erupted, 
for these rest horizontally upon the folded Vindhyans and are quite unaffected 
by a considerable fault which runs through the older rocks in the neighbour- 
hood of Bari (Lat. 23° 2’, Long. 78° 7’). 

Throughout the districts examined, the ‘‘black soil” forming the super- 
ficial covering over a large portion of the country, is strictly confined to the 
volcanic outcrops, beyond which it never extends but for very short 
distances. ‘“‘Laterite” is found capping some of the higher summits of the 
basalt plateau. 

The Vindhyan rocks exposed belong all to the upper series; although 
the lowermost member of this division, the lower Kaimur is seen in several 
localities, yet the underlying rock is in all cases concealed by basalt or 
alluvium, so that nothing can be said regarding the existence or otherwise 
of the lower Vindhyans. 

The examination of the upper Vindhyans has resulted in thoroughly 
confirming Mr. Mallet’s prevision as to the presence of the Kaimur stage 
(Mem, Vol. VII, pp. 54, 55, 67, 77, 96). Only a fraction of this area had 
been previously examined in a cursory manner, and on that occasion the 
shale bands which constitute the main clue to the interpretation of these 
unfossiliferous rocks remained generally undetected, concealed as they are 
in many instances under newer deposits, or else entirely hidden for great 
distances by the talus of debris from the overlying sandstones. Hence it 
was concluded that the entire series consisted of one uninterrupted mass of 
sandstone which it was difficult to correlate with the divisions previously 
established elsewhere. During the present season, owing largely to the 
admirably accurate topography of the maps now available, it has been pos- 
sible to recognise and follow successfully no less than four distinct shale bands, 
and judging from previously published descriptions there seems to be every 
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reason for identifying them with the various shales recognised in the 
Vindhyan regions surveyed to the north and east. 
The divisions made out are, in ascending order, as follows :— 

(1) Shales, mainly arenaceous and micaceous; a thickness of 200 ft. 
is seen in places, but the base is nowhere exposed. 

_ (2) Conglomerate with pebbles frequently two or three inches in 
diameter, consisting of vein quartz and various Bijawar rocks, 

(3) Fine grained, very thick-bedded sandstone, an excellent building 
material very similar to the Chunar sandstone, except that it is 
uniformly of a dark red colour. The uppermost beds of this 
division are flaggy. The aggregate thickness of (2) and (3) 
is about 400 ft. 

(4) Compact sandstone, the upper part extremely thick-bedded and 
forming precipitous cliffs. Thickness 500 ft. 

(5) Shales averaging 200 ft. in thickness, resting with a sharp junction 
on (4) but passing gradually upwards into. 

(6) Alternately thick and thin-bedded sandstones forming a succes- 
sion of scarps which vary greatly in number and size; at the 
base of this division there exists a remarkably constant band 
of false bedded flags, largely quarried all along their outcrop. 
Thickness 400 to 600 ft. 

(7) Shales which increase considerably in thickness from east to 
west. It isthis band whichis exposed at Ganurgarh fort, 
this name having been applied to designate one of the 
Bhander sub-divisions. At the above locality they contain an 
important limestone which is however only local, Eight miles 
east of Ganurgarh, the limestone is represented merely by 
strings of calcite running through the shales, and still further 
east, the shales themselves thin out almost entirely. At 
Ganurgarh the shales with the included limestone are over 
500 ft, thick, twenty miles east their thickness is reduced to 
200 ft,, and in the neighbourhood of Bari, about forty-five 
miles from Ganurgarh, there are not more than 40 ft. of shale 
largely interbedded with sandstone, while in one locality near 
Mahilpur (Lat. 23° 16', Long. 78°5') the band seems to be 
altogether extinct. 

(8) Sandstone, Sooft. thick. The bedding and petrology vary greatly, 
the beds generally becoming finer-grained and thinner-bedded 
in proportion as the thickness of the underlying shales increases. 
Where the sub-stage (7) attains its maximum dimensions, 
there is even a subordinate shale band, 60 ft. thick, situated 
some 120ft. above the base of (8). 
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(9) Shales, 200 to 300 ft., argillaceous, brittle, very thin-bedded. 
(10) Dark red sandstones very thick-bedded, generally containing 
fine building stones. 


The divisions (1) to (4) agree entirely in their petrology and stratigraphy 
with the Kaimur rocks of Bundelkhand and of the Son valley; it may be 
safely concluded that (1) represents the lower Kaimur shales, (2) the 
Kaimur conglomerate, (3) and (4) the upper Kaimur. The two next 
divisions (5) and (6) evidently belong to the Rewa stage, and (9) and (10) 
to the Bhander. The only remaining uncertainty is whether the sandstone 
(8) should be regarded as the upper Rewa or lower Bhander. 

The shales (7) which previous observers examined at Ganurgarh were 
regarded, principally perhaps on the strength of the limestone, as representing 
the lower Bhander. But considering their irregular development, and the 
thickness of the sandstone (8) which is out of all proportion with any 
recorded observations of the comparatively insignificant lower Bhander sand- 
stone, the simplest explanation would appear to be that (7) represents the 
Jhiri shales, and (8) the upper Rewa sandstone. It is hoped that this point 
will be completely settled when the survey is extended as far as the regions 
previously examined in detail. 

The upper Vindhyans are folded along two axes of disturbance, one of 
them running East-North-East to West-South-West being the continuation of 
the features developed along the Son and upper Narbada valleys, while the 
other is nearly at right angles, that is along a North-North-West to South-South- 
East direction. The combination of these two systems of folds gives rise to 
outliers of the Bhander stage, and inliers of the rocks underlying the upper 
Vindhyans, the latter however remaining concealed by the overflowing 
basalt, so that their nature cannot be ascertained, 


6, Central Provinces, Mandla district. 


A large portion of the Central Provinces remains practically unsurveyed, 
and although several patches of it have been 
described at different times, much work remains still 
tobe done. Mr. Bose, who was working in the Raipur district before he went 
on two years’ furlough in 1895, was, after rejoining his appointment, sent to 
the Mandla district north-west of the area already surveyed by him, and 
has sent in a short progress report, which illustrates the extremely simple 
structure of that part of the country. Mr. Bose accounts for the limited 
extent of area surveyed (about 700 square miles) by urging special difficulties 


Mr, P. N. Boss. 
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owing to the dense character of the vegetation and unhealthiness of the 
country. I quote the following from his report: 
The area examined lies in the south-eastern portion of the district of 


Work done during the Mandla. It comprises the upper portion of the valleys 
season 1897 to 1898. of the Sulkum, the Halon and the Phen which 


are affluents of larger rivers flowing into the Narbada. The valleys run in 
directions roughly transverse to the strike of the older rocks, and are separate 
ed from each other by hills and uplands formed of the Deccan trap. The 
general level of the country rises from about 1,600 feet above the sea level 
inthe Sulkum valley to about 2,300 feet in the Phen valley. The higher hills 
rise from 500 to 900 feet above that level. 
The rocks met with in ascending order are: -- 
1. The metamorphic rocks. 
2. The sub-metamorphic rocks. 
3. The lametas, 
4. The Deccan trap. 
5. Lateritic rocks. 
From the above descriptions it will be seen that there are, in the area 
GMeAie. The meee examined, three different types of gneiss —(1) massive 
phic and sub-metamor- - gneiss in which no bedding is discernible, and which, 


hi sks. : 5 Hy 
aces and. generat SO far as seen hitherto, is not accompanied by any 
remarks, schists; (2) massive bedded, coarse-grained, hard 


gneiss associated with highly micaceous gneiss and schists; (3) rather thin- 
bedded, fine-grained, soft, highly quartzose gneissic or sub-gneissic rock, asso- 
ciated with sub-schistose quartzite and micaceous schist. It is likely that these 
three types belong to three different ages, the first being the oldest and the last 
the youngest. The evidence for their separation, however, isnot as yet very 
satisfactory and certainly not conclusive. The third, and presumably the 
youngest form of gneissic rock mentioned above has a somewhat sub- 
metamorphic look about it which is emphasized in the immediate vicinity 
of Motinala by a low dip, not amounting to more than 20°. Moreover, the 
rock sequence in the Phen section presents no Stratigraphical break—at 
least none that I could discern—between it and rocks of an unquestionably 
transitional appearance. The question then presents itselfi—whether the 
fine-grained quartzose gneissic rock and the phyllites are of the same age? 
The Sulkum section at Karibah, which shows transitional passage between 
the phyllites and the gneiss, at least does not show any visible stratigraphic 
discontinuity between them, would appear to favour an answer in the affirm- 
ative. The two sets of rocks may, however, be separated by assuming a fault 

between them. 
These rocks are very widespread. Lithologically, they vary between sand- 
stones, which are sometimes pebbly, and siliceous 


The lametag,. limestones. They rest quite flat upon the denuded 
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upturned edges of the older rocks, and form a narrow usually interrupted 
fringe between them and the Deccan trap. Their thickness is very small, not 
exceeding 30 feet or so; and at places there is just a skin of them. 

The Deccan trap rests upon the denuded surface of the older rocks and 
forms all the higher hills and uplands of the area 
examined. 

It is noteworthy that before the Deccan trap flowed on to their surface, 
the sub-metamorphic and the metamorphic rocks had been denuded away so as 
to form a slope pretty nearly in the same direction as the present slope of the 
area, v7z., from south to north. For, while in the upper parts of the Phen and 
the Holon valleys, the older rocks are exposed at a level of about 2,000 feet, 
in the vicinity of Ghugri even at about 1,600 feet, the ground is covered by 
the Deccan trap. 

Lateritic rocks have been met with in small patches in the Phen and the 
Holon valleys. Economically, they are important as 
yielding, at places, iron-ore of good quality. Lateritic 
ore picked up from the bed of a stream near Lalpura in the Phen valley 
affords means for the maintenance of a sort of intermittent struggle for exist- 
ence to one primitive furnace. This is the only furnace which I have found 
within my ground. I have, however, heard of others in the Deccan trap area 


north-east of it. 


4. The Deccan trap. 


5. Laterite. 


7. Sambalpur district and adjoining country. 


During last cold weather season, Mr. Smith was engaged in surveying 

parts of the Sambalpur district, Sarangarh and Phuljhar 

Mr. F. H. SMITH, ° ' : 

with small portions of Bilaspur, Borasamar and Son- 
pur. The area had been traversed in former years by Mr, V. Ball and others 
but no connected survey of it had been made, although suspected to contain 
valuable ore localities, which are probably altogether mythical. Mr. Smith 
has now sent in a short summary of the results of his eurvey which is given 
in the following :— 

The greater part of the Sambalpur and Sonpur districts is occupied by a 
broad plain of gneiss, with low scattered hills of 
the same and intrusive rocks, The gneiss is usually 
syenitic, its chief constituents being white felspar and hornblende. It is fre- 
quently coarse-grained and much crushed with lenticular crystals of felspar 
surrounded by a crushed mass of dark fine-grained hornblendic material, 
The foliation, which is rare to the westward, but much more developed to- 
wards the eastern part of the area, is frequently horizontal or dipping gently ; 
when there is a distinct dip, the general direction of strike varies from N, and 
S. to N. E.and N, W: 


Crystalline rocks. 
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Dykes of dark green, fine and medium-grained diabasic trap are common, 
with the same general direction as the foliation of the gneiss. And one bold 
hill—Rossarn—of extremely massive coarse-grained intrusive gabbro of 
diorite stands up from the gneiss plain. 

Siliceous bands and veins also occur in the gneiss. The former are gene- 
rally of greenish quartz and quartz-mica-schists, but these pass into brecciated 
and schistose quartzite with occasional bands of jasper, and are in some cases 
evidently bands of sedimentary rock which have been folded into the 
gneiss. 

West of the Sambalpur plain several patches of massive gneiss occur 
amongst the sedimentary rocks; they may have formed low hills and 
islands at the time of the sedimentary deposition. 


To the extreme west of the area in the Bilaspur hills there is evidence of 
great intrusive disturbance. Massive trap-dykes form most of the hills, and 
strongly foliated chloritic schists with occasional layers of conglomerate, ap- 
pear to represent metamorphosed sedimentary beds amongst them, Practi- 

; cally the whole of the hill country is composed 

Sedimentary rocks. 


Didébveriag. of sedimentary rocks resting on the surface of the 
gneiss. 


The hills are scarped along their southern and eastern edges, where the 
beds end off abruptly, overlooking the great gneissic plain. From this they 
dip away gently westwards and northwards and are overlaid by younger beds, 
the uppermost of which are found in the Mahanadi valley, which bounds the 
area to the north, 

The hills themselves comprising the Barapahars in Sambalpur, and the 
Sarangarh and Phuljhar hills are entirely composed of a great series of alter- 
nate quartzites and shales, which attains a thickness of over 6,000 feet. The 
quartzites pass locally into sandstones, grits and conglomerates while the 
shales are in some cases siliceous slates. 

This series is overlaid with slight but distinct unconformity, by another, 
mainly composed of purple shales, calcareous, sili- 
ceous or sandy, and limestones, which forms a flat 
trough of rocks, some 2,000 feet in thickness along the Mahanadi valley. 
Both series appear to be totally unfossiliferous, as far as I have been able 
to discover. 

Mr. Ball, who made a rapid traverse over an enormous extent of this 
country, has referred the whole of these rocks tothe Vindhyan system, in his 
paper on the “Geology of the Mahanadi Basin.” But on closer examination, 
the superposition of a well-defined series of limestones and purple shales over 
another series, entirely composed of quartzites and shaley slates, points 
strongly to their much closer connection with the Karnuls and Cuddapahs, 
and as such I shall regard them. 


Younger series. 
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The best developed section of the lower “‘ Cuddapah” series is found in the 
hsp Rea eee Barapahar hills, where the following beds are seen, 
ower Oeas—Cuadapaus. siven in descending order, with their maximum 


thicknesses :— 


1. White granular quartzite . re - 3 ° = : 200 feet. 
2. Pink and buff shaley limestone and shales . e ° e Q00jFs: 
3. White and pink coarse granular quartzite . 6 ° . 400 45 
4. Grey and yellow siliceous shales . . ° ° e ° 600 ,, 
5. Compact grey and purplish fine quartzite . ° : o eAOGEL ss 
6. Grey and pinkish laminated shales . . ~ ° 2° T200 > 55 
7. Massive and fine bedded compact quartzite with thin partings 
of grey shale. 5 : ° * . ° 50ni2,000)" 55 
8. Purple and yellow slaty shale e 2 fe 490 455 
9. Porcellanic shales and green felspathic grit with eeaglaferat 
bands . - q ° - 4 e . : 400 4, 
6,500 


In this section the sequence seems to be conformable throughout, brat 
westwards the overlap of several members causes unconformities in point of 
time, although the parallelism of the strata remains perfect. Beds Nos. 1 
and 2 thin out E, and W. in the Barapahars, and it is’possible that, from the 
calcareous character of No. 2, they belong rather to the upper Karnul series. 

Nos. 3, 4, 5 and 6 are very constant throughout the whole of the hill 
country. The 7 and 8 bands thin out suddenly to the west of the Barapahars, 
but re-appear 15 miles to the west in a modified form. To the south-west in 
Phuljhar all the lower bands appear to be changed, and fine clay shales cover 
the Phuljhar plain. But this area has not yet been worked out, The No. 9 
band is interesting. It occurs constantly, resting on the lower levels of the 
gneiss, from which it was directly derived, and with which it seems to be 
more closely connected than with the various beds which overlie it. It is 
composed of coarse felspathic grit, usually pale-green in colour, with fre- 
quent bands of sub-angular pebbles of white quartz. Pale-green porcellanic 
shales frequently overlie the grit. Bands ofthis rock are found here and 
there folded into the gneiss of the Sambalpur plain, and highly metamor- 
phosed, so it is not improbable that it may represent a separate series, and 
correspond with the‘ transitions,’ 

The general lie of the Cuddapah rocks is with gentle dips to the north, 
under the Mahanadi valley ; but there are several considerable folds in 
them, resulting locally in faults, with a very constant N, and S. axis. The 
eastern boundary of the Barapahars is also an extremely disturbed one, 
the whole series being crushed against the gneiss, witha faulted junction. 

The upper‘ Karnul’ series of limestones and purple shales overlies the 

Upper beds—Karnut | Cuddapahs with slight unconformity. The stratifi- 
series. cation of the two is however parallel, and the Karnuls 
have shared in all the disturbances and folds which contort the Cuddapahs. 
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The Karnuls dip down gently northwards, over the Cuddapahs, and cover 
the whole of the Mahanadi valley plain, where the dip undulates gently, 
Exposures are rare on the plain, and only disconnected sections are seen in 
the larger ravines. The best exposures oceur along the bed of the Mahanadi, 
but even there they are not continuous, and it is impossible to make out the 
detailed sequence of beds. There seems to be considerable lateral variation 
in constitutionalso. The topmost beds of the series have probably not been 
seen, but so far as at present observed, the following represents a rough 
section in descending order :— 


1. White compact limestone. . : e ° ° ° ° 200 feet, 
2. Purple shales with grey laminz . . ° «4! }800 35 
3. Purplish limestone with discoidal cotitoeticnlal elie . 150) 7,5 
4. Purple shales with grey-green siliceous laminz, thin porcellanic 

shales and jasper © « ° « ay200" 4, 
5. Black and buff compact riseaume with ‘bate of dark shale and 

some coarse grit e e e e ° . 2 ° 200) 439 

eee 


2,250 
— 


Several dykes of the compact dark-green trap occur both inthe Karnuls 
and Cuddapahs, but I have found no trace of inter- 
ibe bedded trap in either series. 

Thin caps of laterite occur all over the plains, overlying all kinds of rocks, 

and also amongst the hills. The laterite lying on 
been the gneiss appearsto be zm si/u and to be derived 
directly from the rock beneath, into which it passes by insensible gradations. 

Limestone and iron-ore are the only minerals of economic value I have 

met with. The Karnul No. 5 limestone is burnt ex- 
ie tensively in Sarangarh for lime, 

Many villages have their diminutive blast furnaces, but the lohar?s 
make no use of the lateritic hematite, but prefer a soft porous clayey limo- 
nite, which appears to be concretionary, and occurs in the lower Cuddapah 
shales in small quantities, 

I have not met with any diamonds or diamond mines, nor could I get 
any information of any ancient workings. The indus- 
try of washing for diamonds in the Mahanadi at 


Hirakoond also seems to have entirely died out. 


8. Burma. 
During the field season of 1896 to 1897 Mr. Grimes was engaged on the 
survey of parts of the districts of Magwe, Myingyan 
and Pokoku in upper Burma; the country surveyed 


No diamonds. 


G. E. Grimes.* 


*As this report goes to press, the lamentable information has reached Calcutta that Mr, 
Grimes succumbed to an attack of cholera at Thayetmyo on the 11th April. Mr. Grimes has 
shown great zeal in his work and much ability during the 2} years of his service, and I wae 
looking forward to the time when he would develop into one of our best stratigraphical 
geologists. He was only 26 years of age when he died, 
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in detail is that comprising the Yenangyoung and Yenangyat oilfields, 
but besides this a considerable area to the east, of which there are no 
satisfactory maps, was explored. 

The country consists of open plains from which a series of low ranges of 
hills rise, each being composed of and caused by an anticlinal fold, in the 
larger of which the miocene beds are exposed. These run roughly parallel 
with each other ina WNW—ESE direction, but are independent. The two 
largest and most important of these are the Yenangyat and Yenangyoung 
anticlines, bothof which were examined in detail. The other lesser ones 
are those which form the Pagan and the Gwegyo hills, lie in the unsurveyed 
country to the east and were only cursorily examined. 

The rocks exposed are everywhere the same as those described by 
Dr. Neetling in his m&moir on the occurrence of petroleum in Burma, and the 
only addition to be made to his description is the existence of an unconfor- 
mity between the upper miocene (Yenangyoung stage) and the pliocene 
(Irrawadi river) beds which overlie them. 

The most important economic results of the survey have been the mapping 
ofthe extension of the Yenangyat oilfield and the discovery of what are 
likely to be two new oilfields on the same anticline. The probable extent of 
the area over which petroleum may reasonably be expected to be workable is 
found to be some 63 miles, or three miles to the south and 35 miles to the 
north of Yenangyat. From the nature of the data and reasoning on which 
this estimate is based, itis more likely to be a minimum than a maximum. 
Besides this extension of the Yenangyat field, Mr. Grimes found another 
place where the axis of the anticline rises, and in block 58 N of the Yenang- 
young oilfields survey there is a small exposure of the lower miocene 
(Prome stage); it is very probable that an oilfield, small perhaps but work- 
able, will be found here. 

To the north of Yenangyat a larger exposure of the beds of the Prome 
stage was found and here the first or uppermost oilsand is freely exposed at 
the surface; Mr. Grimes was informed by the villagers that the hill had been 
‘on fire last year where this oilsand is exposed and that it had burnt for several 
months with flames three feet high. The ground was blackened and showed 
signs of burning, so this statement may well be correct. It is probable that 
there is a larger and more prolific oilfield here than that of Yenangyat and 
not impossibly than Yenangyoung. The southern end of this may be placed 
in block B of the Yenangyat oilfields survey and the northern some 6 miles 
north of the limit of the survey. 

In the Yenangyoung oilfield the exposure of miocene beds was found to 
widen out to the south of Dr. Noetling’s survey representing a slight rise of the 
axis of the anticline in blocks 33 and 45 and then to close in and finally 
disappear. It is possible thata boring put down here would strike oil, but 
the field would be a small one and probably not very productive. 
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In the Pagan and Gwegyo anticlines the lower miocene—petroliferous— 
beds are not exposed. In the Gwegyo hills some places were pointed out 
where if was said that oil had been seen at times. It is possible that in the 
future petroleum will be worked at both these localities, but the fact that 
both anticlines are faulted, conjoined with the absence of visible oil-springs, 
is not promising for a large supply of petroleum. 

On his return from the field Mr. Grimes visited Akyab and examined the 
neighbourhood witha special view to the possibility of sinking an artesian 
well, the water-supply of the town being both scanty and inadequate. The 
town is built on recent deposits, and the only exposures of rock in the 
neighbourhood are along the crest of an anticlinal, apparently the continuation 
of that which forms the Baronga island. In these circumstances it would be 
hopeless to look fora water supply from the tertidty rocks even if they 
could be reached, while neither the nature nor the disposition of the recent 
deposits is such as to lead to any anticipation of an artesian well of the 
deltaic type being met with. 

Mr. Grimes was principally engaged during the last camping season in 
surveying the Kabwet coal field in detail, after which 
he proceeded to examine several smaller areas near 
Mandalay. He has sent in the following short reports :— 

The Kabwet Coal field.—During the first two and-a-half months of the 
present (1897-98) camping season I was engaged in the examination of the 
Kabwet coalfield and the surrounding area between Kabwet and Male in 
the District of Shwebo, Upper Burma. 

The rocks in this area are chiefly sandstones mostly soft and current 
bedded but sometimes calcareous in which case they 
are very hard. Almost everywhere the sandstones 
contain numerous rounded hard calcareous concretions, which weather along 
the original planes of bedding. Interstratified with the sandstones are some 
strings and thin beds of greyish or bluish shale which are quite subordinate 
to the sandstones and nowhere of any great thickness, and besides these 
there are at separate horizons a bed of contemporaneous basaltic lava, a bed 
of carbonaceous shale and coal and a thick mass of limestone. 

Although all the sandstones have many characters in common and those 
in different parts of the area and at different horizons are often very difficult 
to distinguish from one another, besides recent alluvial beds four stages may 
be distinguished in the sandstones which can be identified and mapped with 
a fair degree of accuracy, and the following is a description of them and of 
the alluvial beds in descending order. 

The alluvial beds, which are chiefly deposited in a narrow strip of 
country running from north tosouth across the area, 
consist chiefly of ordinary river sands with beds of 
mud and clay in places. Small calcareous concretions resembling kankar 
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are found in them in places but they are not widely distributed in the 
beds. 

Of recent origin also are the greater part of the fragments of silicified 
wood which are everywhere thickly scattered over the surface of the ground 
in the area examined. This is called by the Burmans “ ingyin kyauk” and 
they say that the fragments are pieces of the ingyin tree (the acacia 
ferruginea) which have been left lying on the ground and there silicified. 
In support of this local theory of the origin of the wood I have on several 
occasions noticed marks on the wood as if it had been cut by a “ dah” and 
besides this there is the universal distribution of the silicified wood, mostly 
in angular fragments in every part of the area where the “ ingyin” tree 
grows, All the silicified wood, however, is not of recent origin as will be 
shown later. 

1st Stage.—(The uppermost) strata of the tertiary strata consist chiefly of 
yellowish and yellowish white current—bedded sand- 
stones which are so soft as easily to crumble between 
the fingers. These contain small irregularly shaped calcareous concretions 
and usually have a network of calcareous strings and besides these, there are 
larger rounded calcareous concretions and layers of hard calcareous sandstone. 
With these sandstone beds there are often interstratified thin bands of greyish 
and bluish-grey shales and sandy shales, but these are quite subordinate and 
never of any great thickness. Conglomerate beds are found but are compara- 
tively rare. Embedded in the sandstones and evidently of the same age there 
are pieces of siliceous fossil wood, like that which I have seen in other parts» 
and of this large tree trunks are to be seen in places. Lying in one of the 
stream beds, where it crosses the sandstones near the base of,this stage there 
was a very large, rounded and polished boulder of granite, quite unlike any 
of the rocks which I know to occur in the surrounding’country ‘so that it must 
have come from a considerable distance, and as it is'much too large to have 
been transported to its present position by any of the physical agencies, now 
at work, I concluded that it had come out of the beds on the top'jof which it 
is now resting. 

2nd Stage.—The beds of the rst stage pass conformably down into“those 
of the 2nd stage, which consist chiefly of fairly soft yellowish, reddish-yellow 
and brownish sandstones mostly somewhat micaceous, They are as a rule 
somewhat harder than the beds of the Ist stage and more regularly bedded, 
and they also contain very numerous and‘often large greyish calcareous con- 
cretions, which are harder than those in the beds above, and _ besides these 
there are several thick layers of very hard calcareous sandstone, which latter 
is mostly conglomeratic. Interstratified with the sandstones are quite 
subsidiary bands of greyish and bluish-grey shale, mostly;somewhat sandy 
and very similar to that of the rst stage, 

grd Stage.—The beds of this stage also are almost entirely composed of 
sandstones, which vary, however, somewhat in appearance in the different 
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parts of this stage. The upper sandstones are white, bluish-white or yellow 
in colour and are usually very coarse and friable, whilst those in the lower 
part are greyish and yellowish and harder. Calcareous concretions and 
bands are present but are not socommon as in the beds higher up and they 
are also chiefly confined to the lower beds of this stage. With the sand- 
stones there are'a few beds of soft shale and clay of blue or bluish-grey 
colour and the bed which lies just underneath the coal, in the ‘southern ‘part 
of the area is of a particularly bright blue colour. At one horizon in these 
beds and resting directly upon sandstone there is a bed of basic lava which is 
thickest and most prominent at Nat-taung, but it decreases in thickness as one 
gets away from that-centre and gradually dies out. Lying on the top of the 
iava are indurated red-clays, which likewise die-out'to the north and east but 
extend to a short distance beyond the limits of the lava. At a horizona 
little above the lava and red-clay there is a ‘bed of carbonaceous shale or coal 
which extends over the whole of the area where the beds of this age are ex- 
posed and so much ‘beyond ‘the lava and red-clay. This bed varies very 
considerably in composition and‘thickness within a short distance, and it is 
doubtful if it is perfectly continuous over the whole area, as in one or two 
places where the beds of this horizon:are fairly well exposed, I failed to find 
any traces of it; the exposuresof it, however, are few in number, owing to the 
beds being for long distances overlaid by recent deposits:and to the way in 
which the country was covered upat the time of my visit by jungle with long 
grass, With regard to the composition of this bed I can only now say, 
before the analysis of my samples, that judging from the appearance of the 
beds, the most westerly exposures between Letkokbin and Kabwet are the 
richest in carbon, and all the other exposures show an inferior coal or even 
only a brown carbonaceous shale with streaks of coal. Embedded in this 
carbonaceous shale and coal:are numerous small pieces of amber. 

4th Sitage-—The beds of this stage consist.also chiefly of massive greyish, 
whitish and yellowish sandstones, mostly coarse but sometimes fine-grained 
and in places argillaceous. Hard calcareous concretions and bands are:com- 
mon in them and the uppermost beds have a considerable resemblance to the 
sandstones of the 3rd stage. Interbedded -with these sandstones are some 
brown shales which are typical of this stage and quite unlike the shales in 
the other stages. In the northern part of the area there is interstratified with 
these beds.a thick mass of blue limestone which passes gracually into calca- 
reous shale and so into the-other beds of theseries. This limestone is appa- 
rently unfossiliferous, as although I searched in it carefully, I could not find 
signs of a single fossil. Running through these rocks there are numerous 
dykes of dolerite which resemblesin appearance the basic lava interstratified 
with the beds of the 3rd stage, but hereit is evidently intrusive, asin several 
paces it is to be seen breaking through and running across the hevians 
planes of the sandstones. 
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‘Coming now to the structure of the country, we find that the rocks are 
bent into a number of synclinal and anticlinal folds 
whose axes have an approximately north and south 
direction, and besides smaller faults the area is traversed from one end to the 
other by two large faults also running approximately north and south. 

The beds of the 1st and 2nd stages which are exposed in the western patr 
of the area and bounded on the east by the more westerly of these two faults, 
are folded with generally quite low dip. The beds of the third stage lie 
between the two great faults mentioned above, and asthe latter tend to 
converge towards the north, the area of these beds is narrower in the 
northern than in the southern part of the country examined. In the northern 
part of the area these beds are bent into a single anticlinal arch which sinks 
towards the north so that only beds younger than the coal are exposed to the 
north of the Khodaung Choung; but in the southern part where the 
breadth of the exposure of the beds of the third stage is greater, there are 
more foldings and the coal is worked ina small synclinal basin between 
Lethokbin and Kyetsubin which is bounded by the western fault. The greater 
part of the area. between the faults is, however, covered up by recent deposits 
so that the folding of the beds beneath cannot always be seen. 

The beds of the fourth stage, which are exposed in a narrow strip of 
country running along the Irrawadi and bounded to the west by the eastern- 
most of the big faults, are everywhere steeply inclined and their dip is mostly 
vertical or almost so and when it is lower this is generally seen to be due to 
local contortions. 

Of the exact age of these sandstone beds there is no direct evidence in 
the area examined, and one has to rely almost entirely 
on their lithological resemblance to beds of known age 
in other places. The beds of the first stage are in many respects like the 
pliocene sandstones, which I have examined in the Myingyan and Pokokku 
districts and like them they are current bedded soft sandstones containing 
silicified fossil-wood, so that I am inclined to think that the beds of the first 
stage are possibly of pliocene age also. The beds of the first stage rest quite 
conformably on those of the second stage, and I have sometimes doubted 
whether the latter ought to be separated from the first stage as they are in 
many respects alike, and besides the beds of the second stage are very unlike 
the upper miocene sandstones and gypsum bearing shales which underlie the 
pliocene farther south. 

The, beds of the third stage and those of the second stage are here sepa- 
rated by a fault, so that the relationship between them cannot be seen, but I 
think that the former are older than the latter, as they (the beds of 3rd stage) 
in many ways resemble the miocene beds of other places and are entirely 
unlike any post pliocene beds I have seen in Burma. 
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The beds of the fourth stage are also separated from those of the third 
stage by a fault, but it is probable that this fault does not extend quite to the 
south of the area, and if not, the beds of the third stage are there resting on_ 
those of the fourth stage. Besides this, however, we have further evidence 
tending to show that the beds of the fourth stage are older than those of the 
third stage, in the fact that they are pierced by intrusive dykes of dolerite, 
which is exactly like that forming the bed of lava, which is interstratified with 
the beds of the third stage. 

During the latter half of this present camping season (1897-98) I have 
been examining those parts of the Mandalay and Sagaing Districts which are 
mapped on sheets Nos. 260 and 261 (1”-1 mile) of the Upper Burma Survey. 
This area is divided by the river Irrawadi into two very unequal parts, the 
physical features of which are quite unlike, the larger and eastern part being 
the Mandalay plain and the smaller and western area the Sagaing hills. As 
I shall want to refer to the Sagaing hills when considering the recks of the 
hills in the other area, I shall consider them first although they were not 
examined till last. 

Sagaing hilis—The rocks in these hills consist chiefly of a series of © 
crystalline limestones, quartzites and mica schists and resting unconformably 
on them coarse current bedded sandstones probably of pliocene age. 

The first series, that of the metamorphic rocks, forms the main mass of the 
hills and all the highest ridges are formed of them, 
The limestones of this series vary very considerably in ~ 
the different parts of the hills and in the different beds, in the southern part 
of the hills they usually contain a lot of mica and other minerals included in 
them, whilst farther north near Mingun and Tonbo we find hills composed 
of an almost pure white crystalline limestone and these are the highest ridges 
in the range of hills. If we trace these limestones, however, along their 
strike to the north-west we find in the low hills on the west side of the range, 
blue limestones which are not crystalline and which are in appearance very 
like the limestones in the Shan hills to the east of Mandalay. 

Interstratified with the limestones but usually in very thick beds are quartz 
and mica schists, in which rocks the mica is often concentrated in definite 
layers so that the rock consists of alternate layers of quartzite and mica schist ; 
in other places, however, where the rocks contain more mica the whole is a 
mica schist. On the western side of the hills in the same relation to these 
quartzites and mica schists, as the blue limestone is to the crystalline lime- 
- stone, we find coarse dark reddish brown ferruginous and often micaceous 
sa ndstones, 4 


Crystalline rocks. 


11n a note which Mr. Grimes sent a few days before his death, he announces the fact that 
this sandstone has yielded plant remains. This is an important disccvery, and it isto be 
hoped that more details may be forthcom‘ng when his dia:ies and collections reach Calcutta. 
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Of the age of these rocks there is no definite evidence, and the only 

jndication we have is the likeness of the blue limestone 

Age of rocks. ‘to that in the Shan Hills east of Mandalay, which Dr. 

Neetling on the evidence of some fossils obtained by him, regards as lower 
silurian or even older, 

Resting unconformably on the upturned edges of these older and meta- 

morphosed rocks a series of soft white, yellowish- 
Tertiary rocks. : 

white and brown current bedded soft sandstones, mostly 
pebbly and especially in the northern part of the hills often conglomeratic. 
In these are dark reddish brown ferruginous strings and layers and rounded 
calcareous concretions. These beds are exactly like the pliocene beds in the 
Myingyan district and perhaps two specimens of fossil teeth which I have 
obtained from these beds may enable the question of their age to be definitely 

settled. 

The older metamorphosed rocks, the plains of foliation of which corre- 

spond with the original planes of bedding, have in the 

al southern part of the hills everywhere a steep dip, but 

at the northern end of the range this decreases somewhat. The dip is every- 

where to the east with the exception of the eastern side of the southern end of 
the hills where it is a steep westerly one. 

The newer, probably pliocene, beds rest on the upturned edges of the 
older beds and are also dipping to the east, but with low angles under 20°. 
These beds are chiefly exposed on the eastern side of the hills, starting from 
near Wachet and extending towards the north, at first their exposures are not 
very elevated above the Irrawadi, but as one goes north one sees them form- 
ing higher and higher hills and extending farther and farther west, until at 
the northern end of the range they have completely covered up the older 
beds and the hills are formed by them alone. This area consists of a large 

“flat plain, extending for many miles around Mandalay out of which a 

number of isolated hills arise and the rocks may be 

eon oy. erate divided into two series, the one consisting of the 

metamorphosed and crystalline rocks of the isolated hills and the other the 
alluvial beds of the plain. 

The rocks composing the hills vary very greatly in character, so that 

almost every hill is composed of a different rock, but 

Description of rocks. thay are all highly metamorphosed and mostly crystal- 
line. The chief rocks are crystalline limestone and quartzite, the first form- 
ing the hills near to and to the east of Mandalay, and the latter being most 
prominent in those farther north. Mandalay hill is composed of a white 
crystalline limestone containing mica and other minerals, but at Yangintaung 
which is nearer the Shan hills the limestone is greyish and not so highly 
metamorphosed and it is much more like the rocks exposea on the western 
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slopes of these hills. Five miles to the north, however, in the group of hills 
south-east of Lundaung, we meet with entirely different kinds of rock and here 
Gondama Taung and the hills to the south of it are composed almost entirely 
of quartzite, which is however, mostly somewhat micaceous and calcareous, 
but Shwe Voung Daung to the west of these is formed chiefly of mica schists, 
with which are associated some crystalline rocks. Only a mile to the east of 
Gondama Taung, the beds of which are dipping to the east, in the low hills 
on the north side of Kangyi village, we find an éxposute of coarse granite and 
at Sagadaung about two miles to the north of Gondama Taung we have greyish 
white gneiss. The other hills, which I have examined to the north and east 
of these are all composed of quartzites and micaceous schists. 


Owing to the isolated nature of the exposure of these rocks and also to 
the fact that definite dips and strikes cannot always be seen in them, it is. 
impossible from an examination of these hills alone to determine the relation: 
of the different rocks to one another, and in order to ascertain this certainly 
it will be necessary first to examine the hill country around. ‘The rocks in 
the isolated hills are apparently outliers of those in the Shan hills as an 
examination of the western slopes of those hills at different places showed 
similar rocks to those in the isolated hills, especially to those close to them. 
In some cases, however, as for instance Mandalay hill, the rocks of the hills: 
in the plain are quite different from any I have seen in the Shan hills, but in 
these cases they show crystalline structure highly developed, and the difference: 
is most probably due to the metamorphic changes which have evidently taken 
place inthem. The white crystalline limestone of Mandalay hill is certainly 
very unlike the blue limestone of the hills to the east, but a similar difference: 
and change can be seen in the Sagaing hills, when the limestone is traced 
along its strike from one side of the hills to the other, so that in this case too. 
the difference is probably due to metamorphism. 


The granite and possibly the gneiss are in all probability intrusive, but . 
whether the other rocks all belong to one system is still an open question. 
In the Sagaing hills we see similar rocks interstratified with one another, but 
an examination of the Shan hills between Tonbo and Maymyo showed practi- 
cally nothing but limestone, and until the relation of this limestone to the 
quartzitic and schistose rocks of the same hills farther north is established, 
the stratigraphical connection between the outliers of these rocks cannot be 
determined, 

The whole of the plain from which these isolated hills rise is covered by 
alluvial beds, which present an uniformly flat surface, so that but little can be 
seen of them. On the top, especially in the eastern part of the plain they seem 
to consist chiefly of mud, silt and fine grained sand and deeper down the 
wells show coarser sand, but where the Irrawadi crosses the plain the sec- 
tions shewn in the banks of the river are all coarse sand. 
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9. North-West Frontier. 


The military operations across the Afridi border of the North-Western 
Frontier under the Command of General Sir W. S. A. 
Lockhart, K.c.B., K.c.S.1., offered an opportunity of 
adding to our knowledge of the geological structure of that country. In 
October 1897, Mr. Hayden received permission to accompany the Tirah 
Expeditionary Force and was absent on that duty till January 3rd, 1898. At 
various times I have traversed parts of the country myself, so for instance 
when accompanying the Miranzai field force in 1890 to 1891, and during several] 
trips through the Khaibar and Kabul valleys. Some of the results are 
embodied in my paper on the Safed Koh, published in the Records, Vol. 
XXV, pp. 59, ff., but the information gained was necessarily sketchy and 
in parts speculative, but it is satisfactory even to find that Mr. Hayden’s work 
last season has resulted in establishing the truth of one supposition, namely, 
that palzeozoic and triassic rocks make their appearance along a great east 
to west dislocation, which separates the main mass of the Safed Koh range 
from the “ outer” hills lying south of it. 

The following is a brief summary of the results of Mr. Hayden’s work :-— 

The country between the Samana range and the Khaibar consists of a 
series of parallel mountain-ranges, running east to 
west. The rocks, which are chiefly of mesozoic age 
are folded into numerous anticlines and synclines with many inverted folds 
- and faults. South of the Bara valley no rocks older than mesozoic are found, 
but along the southern flank of the Surghar range these beds are faulted 
against strata of palzeozoic age. 

The following is a broad sub-division of the 
rocks in descending order :— 


Mr. H. H. Hayden. 


Structure of country. 


Rocks represented. 


10. Light-coloured limestone with nummulites (Kohat, Ustarzai, Upper 
Hangu, etc.) eocene: 

g. Green and red shales and sandstones (Kai and Waran Lower 
Valley.) } eocene, 

7. Grey limestones, with sandstones : e A ; -) cretaceous 
and and 

8. Shaley limestones and subordinate shales . . .) jurassic. 


6. Massive coral limestone (Gorge between Bagh and Dwatowi) rhaetic. 
5. Red gritty shales, grits, conglomerates and reddish-brown ; 

needle shales (Bara and Bazar valleys). } trias. 
4. Limestone and calcareous sandstone, with middle Pro- 


ductus limestone fossils. ‘ permiait. 

3. Greenish-brown shales, with flaggy quartzites and sub- permos- 
ordinate limestone bands (Chura and Khaibar). carbon- 

\ ferous. 

2. Altered limestones of Rohtas hill, Ghund Ghar and Surghas } carboui. 
range. ferous. 
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1. Hard slates and white quartzites of Surghar range (near order 
Sher Khel in Bara valley.) palggozoic. 


Owing to paucity of fossils much of the above classification is merely 
tentative, but eocene fossils were found in Maidan 
and cenomanian brachiopods in the Waran valley, 
while between Chura and the Bazar valley are beds containing species found 
in the middle productus limestone of the Salt range. 

No igneous rocks are found zz sz/u south of the Surghar range, but they 
probably occur a little further west on the southern 
flanks of the Safed Koh. In the Khaibar a decom- 
posed dolerite is found among the carboniferous rocks, and in the stream- 
beds many boulders of altered gabbro, 


Fossils. 


Igneous rocks. 
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Appendix I. 


List of Socteties and other Institutions from which publications 
have been received in donation or exchange for the Library 


of the Geological Survey of India, from the 1st Fanuary 1897 
to the 31st March 1898. 


ADELAIDE.—Geological Survey of South Australia. 
“3 Royal Society of South Australia. 
ALBANY.—New York State Museum. 
BatTimorg&.—Johns Hopkins University. 
BasexL.—Naturforschende Gesellschaft. 
Batavia.—Kon. Natuurkundige Vereeniging in Ned.-Indie. 
BerKELE£Y.— University of California. 
Be.rast.—Natural History and Philosophical Society. 
BEerxL1n.— Deutsche Geologische Gesellschaft. 
" K. Preuss. Akad. der Wissenschaften. 
K, Preuss. Geologische Landesanstalt. 


” 


Botocna.—R. Accad. delle Scienze dell’ Istituto di Bologna. 
BomBay.-=Natural History Society. 
” Royal Asiatic Society. 
Borpgaux.—Sociéte Linnéenne de Bordeaux. 
Boston.—American Academy of Arts and Sciences. 

9 Society of Natural History. 
Brestavu.—Schlesische Gesellschaft fiir Vaterlandische Cultur. 
BRiSBANE.—Queensland Branch of the Roy. Geog. Soc. of Austra- 

lasia, 
Queensland Museum. 

* Royal Society of Queensland. 
BristoLt.—Naturalists’ Society. 

BrusseLs.—Société Royale Belge de Geographie, 
Bucuarest.—Museului de Geologia si de Paleontologia. 
7 Geological Bureau. 
Buparest.—K6n.. Ungarische Geologische Anstalt. 
Ungarische Geologische Gesellschaft. 
Ps National Museum. 
Buenos A1res.—Acad. Nacional de Ciencias. 
Museo Nacional. 
Caen.—Société Linnéenne de Normandie. 
Catcurta,—Agricultural and Horticultural Society of India. 
Asiatic Society of Bengal. 
Calcutta University. 

be Editor, Indian and Eastern Engineer. 
CamBripGgE.—Philosophical Society. 
University of Cambridge. 
Woodwardian Museum. 


7 


”» 


” 


” 
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CamsripGe, Mass.—Museum of Comparative Zodlogy. 
CanapDa.—Hamilton Association. 
Care Town.—South African Geological Commission. 
CasseL.—Vereins fiir Naturkunde. 
CurisTIANA.—The Committee, Norwegian North-Atlantic Expedition. 
CINCINNATI.—Society of Natural History. 
CoreNnHAGEN.—Kong. Danske Videnskabernes Selskab. 
Pe Academie Royale des Sciences et des Lettres. 
Dss Mornes.—lowa Geological Survey. 
Dtson.—Academie des Sciences et Belles-Lettres. 
DrespEn.—K. Min. Geol. und Prehistorische Museum. 
Ns Naturwissenschaftliche Gesells. Isis. 
Dusiin.—Royal Dublin Society. 
% » Irish Academy. 
EpinsurGH.—Royal Scottish Geographical Society. 
‘3 Fy} i, Society of Arts. 
Geneva.—Societe de Physique et d’Histoire Naturelle. 
Guiascow.—Glasgow University. 
ae Philosophical Society. 
Gorna.—Editor, Petermann’s Geog. Mittheilungen. 
GortTincen.—K. Gesells. det Wissenschaften. 
Hatirax.— Nova Scotian Institute of Science. 
Hauie.—Academia Czesarea Leop, Carol. Nat. Curiosorum. 
HELSINGFORS.—Société de Geographie de Finlande. 
Kén1GsBERG.—Physikalische Okonomische Gesellschaft. 
La Prata —Museo de La Plata. 
LAUSANNE.— Société Vaudoise des Sciences Naturelles. 
LAwRENCE.—Kansas Geological Survey. 
- : University. * 
Legps.— Yorkshire College. 
Lr1pe.—Ecole Polytechnique de Delft. 
LE1ez1G.— Kén. Sach. Gesells. der Wissenschaften, 
8 Vereins fir Erdkunde. 
Lifce.—Société Geol. de Belgique. 
Litiei—Société Geol. du Nord. 
Lispon.—Section des Travaux Geol. du Portugal. 
LiverPoot.—Geological Society. 
A Literary and Philosophical Society. 
Lonpon.—British Museum (Natural History). 
Geological Society. 
Geological Survey of the United Kingdom. 
Iron and Steel Institute. 
Linnean Society of London. 
Royal Geographical Scciety- 
,, Institution of Great Britain. 
os 1». Sdcietlys 
Society of Arts. 
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Lonpon.—Zodlogical Society. 
Maprid.—Real Academia dé Ciencias Exactas Fisicas y Natur. 
ales. 
” Sociedad Geographica de Madrid. 
Maine.—Portland Society of Natural History. 
Mancuesrer.—Geological Society. 
4 Literary and Philosophical Society. 
MarsEILLES.—Faculty des Sciences. 
MELBouRNE.—Australasian Institute of Mining E:ngineers. 
Dept. of Mines and Water Supply, Victoria. 
‘Royal Society of Victoria. 
Mexico.—Instituto Geologico de Mexico. 
Msran.—Sociéta Italiana di Scienze Naturali. 
MINNEAPOLIS,— Minnesota Academy of Natural Sciences, 
Moscow.—Société Imp. des Naturalistes, 
’ Municu.—Kon. Bayerische Akad. der Wissens. 
Napies.—Reale Acad. delle Scienze Fisiche e Matematiche. 
N EWCASTLE-UPON-Tyn&.—North of England Institute of Mining and Mechanical 
Engineers. 
New Haven.—Editor, American Journal of Science. 
New Yors&.— Academy of Science. 
a3 Geological Survey. 
OttTawa.—Geological and Natural History Survey of Canada. 
“ Royal Society of Canada. 
Oxrorov.—University Museum. 
Parts.—Comptoir Geologique de Paris. 
Department of Mines. 
Editor, Annuaire Geologique Universel, 
- Ministere des Travaux Publics. 
Museum d’Histoire Naturelle. 
» Société de Geographie. 
9 Geologique de France. 
Peucince: —Royal Geological Society of Cornwall. 
PERTH.—Dept. of Mines, Western Australia, 
PHILADELPHIA.—Academy of Natural Sciences. 
American Philosophical Society. 
Franklin Institute. 
Pisa.—Societa Toscana di Scienze Naturali. 
R1o-pgE-JaNEIRo.—Imperial Observatory. 
RocHEST ER.— Geological Society of America. 
Rom&.—Reale Accad: dei Lincei, 
Reale Comitato Geologico d'Italia. 
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Pe Societa Geologica Italiana. 
SaLem.—American Assoc. for the Advancement of Science, 
ph Essex Institute. 


San Franctsco,—California Academy of Sciences. 
SINGAPORE,—Straits Branch of the Royal Asiatic Society. 
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SPRINGFIELD.—Illinois State Museum of Natural History- 
StockHotm.—Kon. Svenska Vetenskaps Akademie. 
Sr. Pererspure.— Academie Imperiale des Sciences. 
Comite Geologique. 
Musée Geol. de l’universite Imperiale. 
Russ. Kaiser. Mineralogische Gesells. 
Sypney.—Australian Museum. 
Dept, of Mines and Agric., N. S. Wales. 
Geological Survey, ie ! 
Linnean Society, R ee 
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Toxk1o.—Deutsche Gesells. fir Natur. und Volkerkunde, 
me Imperial University of Japan. 
Toronvro.—Canadian Institute. : 
Turin.—Osservatorio della R. Universita. 
a Reale Accad. delle Scienze. 
UrsaLa.— Upsala University. 
Venice.—Reale Istituto Veneto di Scienze. 
Vienna.—K. Akad. der Wissenschaften. 
K. K. Geog. Gesellschaft. 
K. K, Geol. Reichsanstalt. 
a K. K. Naturhistorischen Hofmuseum. 
Warsaw.—Inst. Agronomique et Forestier, 
Wasuincton.— Philosophical Society. 
Smithsonian Institution. 
U.S. Dept. of Agriculture. 
Geological Survey. 
» National Museum. 
WELLING TON.—Geological Survey, New Zealand. 
Mining Dept., 7 . 
New Zealand Institute. 
Yorx.—Yorkshire Philosophical Society. 
Ziiricu.—Naturforschende Gesellschaft. 
The Governments of Bengal, Bombay, Burma, India, Madras, the North- 


Western Provinces and Oudh, and the Punjab. 
The Chief Commissioners of Assam, Central Provinces and Coorg. 


The Resident, Hyderabad. 


” 


” 
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ADDITIONS TO THE LIBRARY. 


From 1ST JANuaRy 1897 TO 31ST Marcu 1808. 
Books and Pamphlets, etc. 
—Gemmographical Tables. 4° London. 


urney to the Auriferous Quartz Regions of South- 
12mo., Edinburgh 


Assot, W. Ff. L. 


Anperson, A. H.—Notes of a jo i 
ern India, with facts relating thereto. 


and London, 1880. 


BARATTA, M.—ll Vesuvio e le sue Eruzioni. 12mo0, Roma, 1897. 
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Bauer, Max.—Edelsteinkunde. 4° Leipzig, 1896. 
BaumuanerR, H.—Die Resultate der Actzmethode. 8° Leipzig, 1894. 
Beck, Z.—Die Geschichte des Eisens. Band III, lief. 4-7, and IV, lief. 1. 8° 
Braunschweig, 1896-1897. 
Becker, G. F.—Some queries on rock differentiation, 8° Pam., New Haven, 
1897. Tue AvuTuor. 
Be.varpt, Z., and Sacco, F.—I Molluschi dei Terreni Terziarii del Piemonte e 
della Liguria. Pts) I—XXIV. 4° Rome and Torino, 1873—- 
1897. 
Berwarp, F,—Elements de Palzontologie. 8° Paris, 1895. 
Berwertu, #.—Mikroskopische Structurbilder der Massengesteine, Lief. Il. 
4° Stuttgart, 1897. 
Bronn, 4. G.—Klassen und Ordnungen des Their-Reichs— 
Band II, abth. II, livr. 11—17. 


see LS »» 20-34, and Supplement Band III, 
livr. 4-10. 

mel Ve » 43°55, and Supplement Band IV, 
livr. 1-4. 


» VI, abth. II, 4, 44-50. 
8° Leipzig, 1896-1897. 
Brousu, G. F.—Manual of Determinative Mineralogy, with an introduction on 
Blow-pipe analysis. 13th edition. 8° New York, 1895. 

CuamBers, 7. G.—Register of the associates and old students of the Royal 
College of Chemistry, the Royal School of Mines and the 

Royal College of Science. 8° London, 1896. 
Cossmann, M.—Catalogue des Coquilles Fossiles de L’ Eocene des Environs de 
Paris. Fasc. I—5, and appendices. 8° Bruxelles, 1886—1896. 


is Essais de Paléoconchologie Comparée. Livr. 1-2. 8° Paris 
1895-1896. 

es Mollusques Eoceniques de la Loire-Inferieure. Fasc. 1—2. 8° 
Nants, 1896. 

+ Revision Sommaire de la Faune du Terrain Oligocéne Marin 


aux environs d’ etampes, in 3 parts. 8° Paris, 1891-1893. 
Damage caused by a landslip at Gohna onthe Birai-Ganga in the Garhwal 
District. Flsc., 1895. 
GovERNMENTY OF THE N.-W. Provinces anD Oupn. 
Dana, F. D.—The System of Mineralogy. 6th edition, by E.S. Dana. 8° 
New York, 1896. 
Dog.ter, C.—Edelsteinkunde. 8° Leipzig, 18093. 
Draghicénu, Mathz. J/.—Les Tremblements de Terre de la Roumanie et des Pays 
Environnants. 8° Bucuresci, 1896. THE AUTHOR. 
EncEL, 7.—Geognotischer Wegweiser durch Wirttemberg. 8° Stuttgart, 1896. 
Geikiz, A.—The Ancient Volcanoes of Great Britain. Vols. III. 8° London, 
1897. 
Ger.anD, G.—Beitrage zur Geophysik. Band III, Nos. 2-3. 8° Leipzig, 1897. 
GUEBHARD, A.—Esquisse Geclogique de la commune de Mons. 8° Pam. 
Draguignan, 1897. Tue AUTHOR. 
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GuEBHARD, A.—Tectonique d’un coin difficile des Alpes-maritimes, 8° Pam., 
Paris, 1895. Tue AUTHOR. 


Ginruer, S.— Handbuch der Geophysik. 2nd edition, Band I, lief 1-5, and I, 
lief 6. 8° Stuttgart, 1897-1898. 
Haeckel, £.—Die Amphorideen und cystoideen. Beitrage zur Morphologie und 
Phylogenie der Echinodermen. 4° Leipzig, 1896. 
Hann, %., Bruckner, Z., and Kirchoff, A.—Allgemeine Erdkunde. 5th edition. 
Vol.1. 4° Wien, 1896. 
Hratu, 7.—Note on the Calcutta earthquake of 12th June 1897. 8° Pam., 
Edinburgh, 1897. THe AUTHOR. 
Heim, Albert.—Die Erdbeben und deren Beobachtung. 8° Basel, 1880. 
Hintze, C.—Handbuch der Mineralogie. Nos. g—12. 8° Leipzig, 1897. 
KetbHack, K.—Lehrbuch der praktischen geologie. 8° Stuttgart, 1896. (2 
copies.) 
Koken, E.—Die Leitfossilien. 8° Leipzig, 1896. 
LecuHEe, W.—Untersuchungen ueber das Zahnsystem lebender und fossiler hal- 
baffen. 4° Leipzig, 1895. 
LiscHKE, C.—Japanische Meeres—Conchylien, Theil I—III. 4° Cassel, 
1869-1871. 
Masor, C. . F.—lLe-Gisement Ossifere de Mitylini et Catalogue d’ossements 
fossiles. 4° Lausanne, 1894. 
MarGERIE, EMM. DE.—Congres Geologique International. 5°. Session, Washing- 
ton, 1891, 6° Session, Zurich, 1894.—Catalogue des 
Bibliographies Geologiques. 8° Paris, 1896. 
Martin, K.—Die Fossilien von Java auf Grund einer Sammlung von Dr. R. D. 
M. Verbeck. 4° Berlin, 1895. 
Merritt, G. P.—A Treatise on Rocks,,Rock-weathering and Soils. 8° New York, 


1897. 
“ Stones for building and decoration. 2nd edition. 8° New 
York, 1897. 


Mineral Statistics of the United Kingdom of Great Britain and Ireland, with the 
Isle of Man, for 1895. -Flsc., London, 1896. 
GOVERNMENT OF INDIA. 
Movurton, M.—Bibliographia-Geologica Repertoire des. Travaux concernant les 
Sciences Geologiques. Vol. I. 8° Bruxelles, 1898. 
Morray,-7. 4. 4.—A new English Dictionary on Historical Principles. Vol. III 
(Disburdened—Dziggetai), and IV (Fish-Frankish). 4° 
Oxford, 1897. 
NorRvDENSKIOLD, A. £.—Sketch of the Geology of Spitzbergen. 8° Stockholm, 
1867. 
Norwegian North Atlantic Expedition, 1876-1878. Vol. XXIII. Zoologi. Tuni- 
cata. (1) Synascidie, by H. Huitfeldt—Kaas; (2) Ascidiz 
Simplices og Ascidiz Composite, by Kristine Bonnevie; (3) 
Fortegnelse over Norges Ascidize Simplices, by Johan Kizer ; (4) 
Om Knopskydningen hos Distaplia Magnilarva og Pyrosoma 
Elegans, by Kristine Bonnevie; and (5) Kimbladstudier Paa 
Grundlag of Ascidiernes Udvikling, by Johan Hjort. 4° Chris- 
tiania, 1896. THE COMMITTEE. 
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Norwecian.—North Atlantic Expedition, 1876-1878. Vol. XXIV. Botanik. Proe 
tophyta: Diatomacez: Silicoflagellata og Cilioflagellata, By 
H. H.Gran. 4° Christiania, 1897. 
THe CommMitrTEe. 
O’Rivey, £.—Report on the Mineral Resources of the Martaban District. Flsc., 
Calcutta, 1865. GOVERNMENT OF INDIA. 
Partscu, P.—Bericht tber das Detonations Phanomen auf der Insel Meleda bey 
Ragusa. 8° Wien, 1826. 
Praca, B. N., and Horne, ¥.—The Glaciation of Caithness. 8° Edinburgh, 
1881. 
Puituips, F. A.—A Treatise on Ore Deposits. 2nd Edition, by H. Louis. 8° 
London, 1896. 
PomEt, A.—Classification Methodique et Genera des Echinides Vivants & 
Fossiles. 4° Alger, 1897. 
Potoniz, H.—Lehrbuch der Pflanzenpalzontologie. Lief. 1—2. 8° Berlin, 
1897. 
Rauser, A.—Die Regeneration der Krystale. 8° Leipzig, 1895. 
Review of the Mineral Productions in India for 1896, Flsc., Calcutta, 1897. 
GOVERNMENT OF INDIA. 
Roemer, F.—Lethza Geognostica. Theil I, Band I, lief. 3, and II, lief. 1. 8° 
Stuttgart, 1897. 
_ Rough conspectus of the tracts in which minerals are believed to exist in Burma, 
with 12 Maps. Flsc., Rangoon, 1895. (GOVERNMENT OF INDIA. 
Russet, J. C.—Glaciers.of North America. 8° Boston, 1897. 
Sanpverson, G. P.—Pack Gear for Elephants. 8° Calcutta, 1883. 
GOVERNMENT. OF INDIA. 
Second and Third Annual,General Reports upon the Mineral Industry of the United 
Kingdom of Great Britain and Ireland for the years 1895 and 
1896. By C. Le Neve Foster. Flsc., London, 1896-1897. 
SECRETARY OF STATE FOR INDIA. 
Samiot, 7. Ff. F.—Studien iiber Erdbeben, 2nd edition. 8° Leipzig, 1879. 
3. Vulkanstudien. 8° Leipzig, 1874. 
ScHwanTRE, A.—Die Drusenmineralien des striegauer Granits. 8° Leipzig, 1896. 
StepHanescu, S.—Carte Geologique ,de la Roumanie publiée par Mathi M. 
Draghicénu. 8° Pam., Bucuresci, 1891. 
Tue Geotocicat Bureau, 
Suess, £., and Marcreriz, Emm. pg,—La Facedela Terre. Tomel. 8° Paris, 
1897. 
The Earthquake in Bengal and Assam. Re-printed from the Englishman. 8° 
Calcutta, 1897. 
Tryon, G. W.—Manual of Conchology. st series, parts 61A and 64—65, and 
2nd series, parts 4o—41. 8° Philadelphia, 1895-1897. 
VERBEEK, R. D. M., et Fennema, &.—Description Geologique de Java et 
Madoura. Tome 1-2, with atlas. 8° Amsterdam, 1896. 
Votcer, G. H. O.—Untersuchungen tiber das Phanomen der Erdbeben in der 
Schweiz, Parts 1—3. 8° Gotha, 1858. 
Wutrine, £, 4.—Die Meteoriten in Sammlungen und ihre literatur, 8° Tibin- 


gen, 1897. 
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ZIRKEL, F.—Lehrbuch der Petrographie. 2nd edition. Band I—lI[l. 8° Leip- 
zig, 1893-1894. 


PERIODICALS, SERIALS, ETC. 


American Geologist. Vol. XVIII, No.6to Vol. XXI, No.2. 8° Minneapolis, 


1897-1898. 
SF, Journal of Science. Series 4, Vol. III, No. 13 to Vol. V, No. 26, 8° New 
Haven, 1897-1898. Tue EDITor. 


so Naturalist. Vol. XXX; No. 360,and XXXII, No. 373. 8° Philadel- 
phia, 1896-1897. 

Annalen der Physik und Chemie. Band LX, heft. 1-4; LXI, heft 1-4; LXII, 
heft 1-4 ; and LXIV, heft 1-2. 8° Leipzig, 1897. 

Annales de Geographie. Annee VI, Nos, 25-29. 8° Paris, 1896-1897. 

» Geologie et de Paléontologie, Livr. 21. 4° Palermo, 1897. 

Annals and Magazine of Natural History. Vol. XIX, Nos. 109-114; XX, Nos. 
118-120; and I, Nos. 1-3, 8° London, 1897-1898. 

Annuaire Geologique Universel. Tome XIII. 8° Paris, 1897. THe EpiTor. 

Athenzum. Nos. 3608-3672. 4° London, 1896-1898. 

Beiblatter zu den Annalen der Physik und Chemie. Band XX, Nos. 11—12, 
XXI, Nos. 1—12, and XXII, Nos. 1-2. 8° Leipzig, 1897. 

Chemical News. Vol. LXXIV, No. 1934 to LXXVII, No. 1998. 8° London, 
1897-1808. 

Colliery Guardian. Vol. LXXII, No. 1877 to LXXV, No. 1941. Fol. London, 
1896-1898. 

Geographische Abhandlungen. Band VI, heft 2. 8° Vienna, 1897. 

Geological Magazine. New series, Decade IV, Vol. [V, Nos. 1—g, and V, Nos. 
1—3. 8° London, 1897-1808. 

Glacialists’ Magazine. Vol. III, part 4, and IV, part 1. 8° London, 1896. 

Indian and: Eastern Engineer. Vol. XXVIII, Nos. 507—542; and new series, 
Vol. I, Nos. 1—4, and II, Nos. 1-3. 4° Calcutta, 1897-1898. 

Industries and Iron. Vol. XXI, No. 1249 to Vol. XXIV, No, 1313. 4° London, 
1896-1898. 

Jahrbuch der Astronomie und Geophysik. Herausgegeben Von Dr. Hermann 
J. Klein. Jahrgang VII, 1896. 8° Leipzig, 1897. 

Journal de Conchyliologie. Vol. XXXV-XLV, No.1. 8° Paris, 1887-1897. 

Journal of Geology. Vol. IV, No. 7 to V, No. 8. 8° Chicago, 1896-1897. 

Mineralogical Magazine. Vol. XI, Nos. 51-53. 8° London, 1896-1897. 

Mining Journal. Vol. LX VI, No. 3199 to LX VIII, No. 3263. Fol. London, 1896- 
1898. 

Natural Science. Vol. X, No. 59 to XII, No. 73. 8° London, 1897-1898. 

Nature. Vol. LV, No. 1416 to LVII, No. 1480. 8° London, 1897-1898. 

Neues Jahrbuch fiir Mineralogie, Geologie und Palzeontologie. Jahrg. 1896, Band 

II, heft 1-3; 1897, Band I, heft 1-3 ; 11, heft 1 and 3: and 1898, 

Band I, heft 1. 8° Stuttgart, 1896-1898. 

Beilage—Band XI, heft 1-2, 8° Stuttgart, 1897-1898. 
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Band XLIII, lief. 5-6 to XLIV, lief. 1-4. 4° Stuttgart, 1897. 
Supplement Band II, Abth. 6-8, with maps. 8° and Fol. 
Stuttgart, 1897. 
Palzontologische Abhandlungen. Band Iil, heft 3,and 1V, heft 7. 4° Jena, 
1897-98. 
Petermann’s Geographischer Mittheilungen. Band XLII, No. 12; XLIII, 
Nos. 1—12: and XLIV, Nos, 1—2. 4° Gotha, 1897-98. 
Scientific American. Vol. LX XV, No, 23 to LXXVIII, No. 9, Fol. New York, 
1896-98. 
Supplement. Vol. XLII, No. rogz to Vol. XLV, No. 1156, 
Fol, New York, 1896-98. 
Tschermak’s Mineralogische und Petrographische Mittheilungen. Vol. XVI, 
heft 5-6, and XVII, heft 1—5. 8° Vienna, 1896-1897. 
Zeitschrift fiir Krystallograohie und Mineralogie. Band XXVII, heft 5-6; 
XXVIII, heft 1—6: and XXI1X, heft 1-4. 8° Leipzig, 1896-97. 
Praktische Geologie. Heft 12 (1896), heft,1—12 (1897), and heft 
+2 (1898). 4° Berlin, 1896-98. 
Zoological Reeord. Vol. XXVII, 1895. 8° London, 1896. 


Palzeontographica, 


» 


»” ” 


” 2” 


GOVERNMENT SELECTIONS, REPORTS, ETC, 


Assam.—Reports on the Administration of the Province of Assam for 1895-96, 


and 1896-97. Flsc., Shillong, 1896-97. 
Cuigr CoMMISSIONER, ASSAM. 


Report on the Earthquake of the 12th June 1897, so far as: it affected the 


Province of Assam. Flsc., Shillong, 1897. 
Cuier Commissioner, ASSAM, 


Bencat.—Reports on the Administration of Bengal for 1895-95 and 1896-97. 
Flsc. Calcutta, 1896-1897. BenGat GOVERNMENT. 

BomsBay.—Administration Reports of the Marine Survey of India for 1895-96 
and 1896-97. Flisc.. Bombay, 1897, BomBay GovERNMENT. 


Gazetteer of the Bombay Presidency. Vol. I, parts 1—2. 8° Bombay, 
1896. BomBay GOVERNMENT. 


Magnetical and Meteorological observations made at the Government 


Observatory, Bombay, 1895. Flsc., Bombay, 1896, 
BomsBay GOVERNMENT, 


Reports on the Administration of the Bombay Presidency for 1895-96 
and 1896-97.. Flsc. Bombay, 1896-97. 


” 


» 


Pc 


BoMBAY GOVERNMENT, 
Selections from the Records of the Bombay Government. New series, 

Nos. 354-355, 3577300, and 362. Fisc. Bombay, 1897. 
BomBay GOVERNMENT. 
BurMa,—Reports on the Administration of Burma during 1895-96 and 1896-97. 
Fisc., Rangoon, 1896-97. Cuter COMMISSIONER, BURM&. 
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CenTRAL Provinces.—Reports on the Administration of the Central Provinces: 
for 1895-96 and 1896-97. Fisc.. Nagpur and Allaha- 
bad, 897-98. 
CuigzF COMMISSIONER, CENTRAL PROVINCESe. 
Coorc.—Report on the Administration of Coorg for 1895-96. Flsc., Bangalore, 
1896. Cuter COMMISSIONER, CooRG. 
HyprRaBaD.—Reports on the Administration of the Hyderabad Assigned Dis- 
tricts, 1895-96 and 1896-97. Flsc., Hyderabad, 1896-97. 
RESIDENT, HYDERABAD. 
Inp14.—Administration Report on the Railways in India. Parts 1-2 for 1895-96,. 
and Parts 1-2 for 1896-97. Flsc., Calcutta, 1896-97. 
GOVERNMENT OF INDIA.. 
ii Agricultural Ledger. Nos. 22 and 24 (1895), 15-17. and 30—42 (1896),. 
and Nos. 1—17 and rg (1897). 8° Calcutta, 1896-97. 
‘GOVERNMENT oF INDIA. 
” Annual statement of the trade and navigation of British India with 
foreign countries and of the coasting trade inthe year ending 31st 
March 1897. No. XXXI, Vols. 1-2. 4° Calcutta, 1897. 
GOVERNMENT OF INDIA. 
Civil Budget Estimate of the Government of India for 1897-98. Flsc., 
Calcutta, 1897. GOVERNMENT OF INDIA, 
History of services of officers holding gazetted appointments in the 
Home, Foreign, Revenue and Agricultural and Legislative Depart- 
ments, corrected to 1st July 1897. 8° Calcutta, 1897. 
GOVERNMENT OF INDIA. 
List of civil officers holding gazetted appointments under the Government 
of India, in the Home, Legislative, Foreign, and Revenue and Agri- 
cultural Departments, corrected to 1st January and 1st July 1897.. 
8° Calcutta, 1897, GOVERNMENT OF INDIA. 
List of officers inthe Survey and other Scientificand Minor Departments, 
subordinate to the Government of India in the Department of Revenue. 
and Agriculture, corrected to 1st January and rst July 1897, and 1st 
January 1898. 8° Calcutta, 1897-98. 
GoVERNMENT OF INDIA. 
List of officers of the Geological Survey of India, corrected to rst January 
and ist July 1897, and 1st January 1898. 8° Calcutta, 1897-98. 
GOVERNMENT. OF INDIA, 
Imperia! Institute Series. Handbooks of Commercial Products. Indian. 
Section. No. ro. 8° Calcutta, 1897. GevVERNMENT oF Inp1A, 
Meteorological Department— : 
Administration Report, 1896-97. 4° Calcutta, 1897. 
General Report, 1895-96, Flsc, Calcutta, 1897, 
India Weather Review—Annual Summary, 1895 and 1896. 4° 
Calcutta, 1896-97. a 
Indian Meteorological Memoirs. Vol. VII, Nos. 6°7, VIII, No. 2, 
and IX, Nos. 8-9. 4° Simla and Calcutta, 1896-97. . 
Monthly Weather Review. June 1896 to February 1898. Flsc., 
Calcutta, 1896-98. 
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Inpra.—Meteorological Department—contd. 
Rainfall Data of India, 1896. Flsc., Calcutta, 1897. 
» Report on the Administration of Andaman and Nicobar Islands for 
1895-96. Flsc. Calcutta, 1897. GoveRNMENT oF INDIA. 
» Report on the recent determination of the longitude of Madras. By 
S. G. Burrard. Flsc., Calcutta, 1897. 
Survey or JnpIA DEPARTMENT 
* Selections from the Records of the Government of India, Foreign Depart- 
ment. Nos. 334, 341, 343, and 347 to 349. Flsc., Calcutta, 1896-97. 
GOVERNMENT oF INDIA. 
Mapras.—Annual Administration Report of the Forest Department, Madras 
Presidency, for the year ending 3oth June 1896. Fisc., Madras, 1897, 
MaprRaS GOVERNMENT. 
ie Provisional Index of the local distribution of important minerals, 
miscellaneous minerals, gem stones and quarry stones in the Indian 
Empire (Madras only), By W. King, B.A., D. Sc., with addi- 
tions, by C. S. Middlemiss, B.A. Flsc., Madras, 1896. 
Mapras GovERNMENT. 
+ Reports on the Administration of the Madras Presidency for 1895-96 
and 1896+97. Flsc.; Madras, 1896-97. 
Mabras GOVERNMENT. 
Punsas.—Gazetteer of the Shahpur District, by J. Wilson, I.C.S. Revised 
Edition, 1897. 8° Lahore, 1897. PunJaB GOVERNMENT. 
Reports on the Administration of the Punjab-and its dependencies for 
1895-96 and 1896-97. Flsc., Lahore, 1896-97. 
_PunsaB GOVERNMENT 


» 


TRANSACTIONS, PROCEEDINGS, ETC., OF SOCIETIES, 
SURVEYS, ETC. 


ADELAIDE.—Geological Survey, South Australia.—Reports on the Arltunga Gold 
Field and Hart’s Range, North-West of Alice springs and of 
the Frew River Country. By H.Y.L. Brown; also contribu- 
tions to ‘the Palzontology of South Australia. By R,. Etheridge, 
Jr. Fisc., 1897. 

“ Royal Society of South Australia.—Transactions. Vol. XX, part 2, 
and XXI, parts 1—2. 8°, 1896-97. 
AxBanYy.—Geological Survey.—Natural History of New York.—Palzontology. 
Vol. VIII, Brachiopoda II. 4°, 1894. 
New York State Museum.—Annual Report. Vol. XLVIII, Nos. I—3, 
8°, 1895. 

BsLTIMORE.—Johns Hopkins University— 

American Chemical Journal, Vol. XVIII, Nos. 6—10, and 
XIX, Nos. 1—2. 8°, 1897. 

American Journal of Mathematics. Vol, XVIII, Nas, 3~4, 
and XIX, No. 1. 4°, 1896-97- 
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BaLtTiMorg,.— Johns Hopkins University—contd. ‘93 
American Journal of Philology. Vol. XVII, Nos. 1~3, 8%, 
1897. 
Circulars, Vol. XVI,.No. 127 to XVII, No. 133. 4°, 1896- 
97: 
Studies in Historical and Political Science. Series XIV, 
Nos. 6—12, and XV, Nos. 1—2. 8°, 1896-97. 
BaszL.—Naturforschende Gesellschaft. Verhandlungen. Band XI, heft 3. 
8°, 1897. 
Baraviaw—Kon. Natuurkundige Vereeniging in Nederlandsch—Indie.—Tijds- 
ehrift. Deel LVI. 8°, 1897. 
Betrast.—Natural History and Philosophical Society.—Report and Proceed- 
ings. Sessions 1896-97. 8°, 1897. 
BerkeLey.—University of California, Department of Geology.—Bulletin. Vol. F,. 
Nos. 12—14, and JI, Nos. 1—3. 4°, 1896. 
BERLIN.— Deutsche Geologische Gesellschaft— 
Zeitschrift, Band XLVIII, heft 3—4,and XLIX, heft 1—3- 
8°, 1207. 
a Gesellschaft fiir Erdkunde— 
Verhandlungen. Vol. XXIII, Nos. g—10, XXIV, Nos. 1—I0,; 
and XXV, No, 1. 8°, 1896-98. 
Zeitschrift. Band XXXI, heft 5—6, and XXXII, heft 1—5. 
8°, 1896-97. . 
»  Kénig. Preussische Akademie der Wissenschaften— 
Abhandlungen, 1896. 4°, 1896. 
Sitzungsberichte. Nos. 40—53 (1896), and Nos. 1—53 (1897)- 
8°, 1896-7. 
»  K6nig. Preuss. Geol. Landesanstait— 
Abhandlungen. Neue Folge, heft 21-23. 8°, 1896. 
BoLocna.—R. Accad. delle Scienze dell’Istituto di Bologna. Memorie. Série V,. 
Tomo IV, fasc.. 1—4. 4°, 1894. 
BomBay.—Bombay Branch of the Royal Asiatic Society— 
Journal. Vol. XVI, No. 41, XVII, Nos. 46-47, and XIX, No. 
S265 as LOOT 
sy Natural History Society.—Journal. Vol. X, Nos. 4—5, and XI, Nos.. 
1-2, 8°, 1897. 
BorDEAUX.—Societe Linn. de Bordeaux.—Actes. Série V, Tome VIII. 8°, 1895. 
Boston.—American Academy of Arts and Sciences— 
Memoirs. Vol. XII, Nos. 2—3. 4°, 1896. 
Proceedings. Vol. XXXII, Nos.2~—17, and XX XIII, Nos. 1:—8. 
8°, 1896-97. 
» Society of Natural History.—Proceedings. Vol. XX VII, Nos. 3—14, and 
XXVIII, Nos. 1—5. 8°, 1896-97. 
Brisgans,— Queensland Branch ofthe Royal Geographical Society of Austra- 
lasia.—Proceedings and Transactions. Vol. XII. 8°, 1897. 
os Queensland Museum.—Annals. No. 3. 8°, 1897. 
Be Royal Society of Queensland.—Proceedings, Vol. XII. 8°, 18q7.. 
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Bristo L.—Naturalists’ Society —Proceedings. New series, Vol. VIII, part 2. 8°, 
1897. 
List of officers and Council, Members, and 
Societies. 8°, 1897. 
BRussEts.—Societe Royale Belge de Géographie.—Bulletin. Annee, XX, Nos. 
3—6, and XXI, Nos. 2—4. 8°, 1896-97. 
Bupaeest.—Hung. Nat. Museum. —Termeszetrajzi Fiizetek. Vol. XX, Nos 1—4, 
and XXI, Nos. 1—2. 8°, 1897. 
K6én. Ungar. Geol, Anstalt.— 
jahresbericht fiir 1894. 8°, 1897. 
Mittheilungen. Band XI, heft r—3. 8°, 1897. 
Ungar. Geol. Gesellschaft.—Foldtani Kézlony. Band XXVI, Nos. 
1I—12. 4°, 1897. 
Buenos Arres.—Accademia Nacional de Ciencias en Cordoba.—Boletin. Tome 
XV, Nos. 1—3. 8°, 1896-97. 
_ es Museo Nacional.—Anales. Tomo V. 8°, 1897. 
CaEn.—Societe Linn. de Normandie.—Bulletin. 2° Série, Vol. I—I1 1 (1866-68), and 
IX—X (1874-76); 3° Série, Vol. III (1878-79), and V—X (1880-86) ; 
and 4° Série, Vol. IV (1890), VI, fase. 3 (1893), and X, fasc. 1—2 
(1896). 8°, 1868 to 1896. 
CatcuTta.—Agricultural and Horticultural Society— 
Proceedings and Journal. Vol. X and XI. 8°, 1896-97. 
Asiatic Society of Bengal— 
Vol. LXI, Partd, Extra No. 3. 
Joarnal » LXV, ,, I, Nos. 3—43 Il, No. 4, and 
New IIt, No. 1; and special Number. 
series, » LXVI, Part I, Nos. 1—4, and extra 
Number ; and IT, Nos. 1—3. 

Proceedings, Nos. 7, 9 and 10 (1896) ; Nos. 1~-g (1897) ; No. 11, 

Extra Number (1897) ; and No. 2 (1898). 8°, 1897-98. 
Cat cuTta.—Geological Survey of India— 

Memoirs, Vol. XXV, XXVI, and XXVII, pt. 2. 8°, 1896-97. 

Palzeontologia Indica. Series XV, Vol. I, parts 3—4, and {I, 
pt. 1,and XVI, Vol. 1, parts 2—3. 4°, 1897. 

Quarterly Notes. Nos. 1—4 (1897), and NoJf1 (1898). 8°, 1897-98. 

Records. Vol. XXX, parts 1—4. 8°, 1897. 

Report on the Geological structure and stability of the hill slopes 
around Naini Tal. By T. H. Holland. 8°, 1897. 

Report on the inspection of Coal Mines in the Sor Range of 
Hills, near Quetta, By James Grundy. Flsc., 1897. 

Report on the inspection of the Dandot and Pidh Mines, Salt 
Range, near Khewrah, Jhelum district, Punjab. By James 
Grundy. Flsc., 1896. 

Indian Museum.—Catalogue of books in the Library, Guoniem ene 

I], September 1891 to August 1895. 8°, 1897. 

Survey of India Department.—Notes for December 1896 to Feb- 
ruary 1898. Flsc., 1897-98. 
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Catcurra.— University of Calcutta.x—Calendar for 1897. 8°, 1897: 
CaMBRIDGE.—Library Syndicate-—Annual Report for 1896. 4°, 1897. 


Ns Woodwardian Museum.—Annual Report of the Museum and 
Lecture Rooms Syndicate. No.31. 4°, 1897. 
BS Philosophical Society.—Proceedings. Vol. IX, pts. 4—7. 8°, 1897. 


Transactions. Vol. XVI, parts 2—3. 4°, 1897. 
CamsBripvce, Mass.—Museum of Comparative Zoology.—Annual Report of the 
Curator for 1895-96 and 1896-97. 8°, 1896-97. 


ea 5 Bulletin. Vol. XXVIII, Nos. 2—3, and XXX, Nos. 2—6, 
and XXXI, Nos. 1—5. 8°, 1896-97. 
if > Memoirs. Vol. XIX, part2; XX to XXII with plates; 


and XXIII, part 1. 8°, 1896-97. 
Canapa.—Hamilton Association.— Journal and Proceedings. No. 13. 8°, 1897. 
Care Town.—CarrE or Goop Hopze.—Geological Commission— 
Bibliography of South African Geology. Parts 1—2. 8°, 1897. 
First Annual Report. 4°, 1897. 
CasseL.—Vereins fiir Naturkunde.—Abhandlungen u. Bericht. Vol, XLI. 8°, 
1896. 
C1ncINNATIn—Cincinnati Society of Natural History.—Journal. Vol. XIX, Nos. 
I—2. 8°, 1896-97. 
Cotomso.—Ceylon Branch of the Royal Asiatic Society.—Journal, Vol. XIV, 
No. 47. 8°, 1897. 
CorENHAGEN.—Academié Royale des Sciences et des Lettres— 
Bulletin, Nos. 2—5. 8°, 1897. 
Memoires. Vol. VIII, Nos. 3—4. 4°, 1896-97. 

& Oversigt. No. 6 (1896), and Nos, 1—5 (1897). 8°, 1896-97. 
DEmERARA.— Geological Survey of British Guiana.— Reports, 1869. 8°, 1870. 
Drs Mornes.—lowa Geological Survey. Vol. V. 4°, 1896. 

Dryon.—Académie des Sciences et Belles Lettres.— Memoirs. Tome V. 8°, 1896. 
Drespen.—K. Minerolog.-Geolog. und Prahistorischen Museum.—Mittheilun- 
gen. Heft 12. 4°, 1897. 
4 Naturwissenschaftliche Gesellschaft Isis.—Sitzungsberichte und 
Abhandlungen. Jahr. 1896, July bis December, and 1897, Janu- 
ary bis July, and December. 8°, 1897. 
Dvusiin.—Royal Dublin Society— . 

Scientific Proceedings, New series, Vol. VIII, pt.5. 8°, 1897, 

3 Transactions. Series II, Vol. V, pt. 13, and VI, 
pts. 2-13. 4°, 1896-97. 
Royal Irish Academy.— Proceedings. 3rd series, Vol. IV, Nos. 1—4. 8°, 
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1896-97- 
Dunepin.— Essay on the Geology of the North Island of New Zealand, by J. C. 
Crawford. 8°, 1865. Dr. D. Pratn. 


EpINBURGH.—Royal Scottish Geographical Society.—Scottish Geographical 
; Magazine. Index to Vol. XII; Vol. XIII, Nos. 1—12; and 
XIV, Nos. 1— + 8°, 1896-98, 
Royal Scottish Soc €ty of Arts.—Transactions, Vol. XIV, parts 
2—3. 8°, 1896-97. 
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FRANKFuRT-Am-Main.—Senckenbergischen Naturforschenden Gesellschaft.— 
Abhandlungen. Band XX, heft 1, XXI, heft 1, 
XXIII, heft 1—4, and XXIV, heft 1. 4°, 1897. 
GEneEva.~— Société de Physique et d* Histoire Naturelle— Memoires. Tome XX XII, 
pt. 2. 4°, 1896-97. 
GLascow.—Glasgow University.—Calendar for 1897-98. 8°, 1897. 
Philosophical Society.—Proceedings. Vol. XXVII and XXVIII. 8°, 
1896-97. 
GérrTincen.—Konigl. Gesellschaft der Wissenschaften— 
Geschaftliche Mittheilungen. Heft 2 (1896), and heft 1—2 
(1897). 8°, 1896297. 
Mathematisch—physikalische Klasse. Heft 3—4 (1896), and 
heft 1—3 (1898). 8°,"1897-98. 
Hatcte.—K. Leop.-Carol. Deuts. Akad. der Naturforscher— 
Abhandlungen. Band LXV—LXVII. 
Leopoldina. Band XXXII. ‘ 4°, 1896*97. 
Repertorium. Band II, heft 1. 
Katalog der Bibliothek. Band If, heft 4. 8°, 1896. 
Hattrax.—Nova Scotian Institute of Science.—Proceedings and Transactions. 
and series, Vol. 1, parts 3—4, and II, part 2. 8° 1893 and 
1895-96. 
HeEtsincrors.—Societe de Geographie de Finlande.—Bulletin. Nos, 4—9, and 
1I—13. 8°, 1891 96. 
K6éniesBeRG.—Kénig. Phys.—Oko. Gesellschaft.—Schriften. Vol. XXXVII. 4°, 
1896. 
La Prata—Museo de La Plata— 
Seccion Zoologica. Nos. 1—3. 
de Historia General. No. 1. 
de Arqueologia. Nos. 2—3. 
Antropologica. No. 1. 
Geologica y Mineralogica. No. 1. 
i Palzontologia Argentina, No. 4. 
Revista. Tome I—VII. 8°, 1890-95. 
Lausannr.—Soc. Vaudoise des Sciences Naturelles.—Bulletin. Vol. XXXII, No. 
121 to XXXIH, No.t124. 8°,}1896-97. 
Lawrence.— Kansas University.—Quarterly. Vol. I—1V, parts 1—2; V, pts. 
1—2; and VI, pts. 1—3. 8°, 1892-97. 
Topreka.—Kanas Geological Survey.—Vol. I and II. 8°, 1896-97. 
Legps.— Yorkshire College.—Twenty-Third Annual Report for the year ending 
, 31st July 1897. 8°, 1897. 
Lzipen.—L’Ecole Polytechnique de Delft—Annales. Tome VIII, liv. 3—4. 4°, 


1897. ' 
Geologischen Reichs Museum.—Sammlungen. Band V, heft 4. 8”, 


1897. 
Lerpzic.—K. Sachs. Gesells. der Wissenschaften— 
Abhandlungen. Band XXIII, Nos. 4—6, and XXIV, Nos. I—3. 
8°, 1896-97- 
Berichte tber die Verhandlungen. Nos. 1—4. 8°, 1897. 
Festschrift zur 50 jahrigen Jubelfeier. 8°, 1896. 
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Lerezic.—Vereins fir Erdkunde— 
Mitteilungen, 1896. 8°, 1897. 
Wissenschaftliche Veroffentlichungen. Vol. III, heft 2. 8°, 1897 
Litce.—Société Géologique de Belgique.—Annales. Tome XXII, livr. 3, XXIII, 
livr. 3, and XXIV, livr. 1—2. 8°, 1894 -97. 
LILLe.—Societe Geologique du Nord— 
Annales. Vol. XXIII and XXV. 8°, 1895 and 1896. 
Memoires. Vol. 1V, No. 1. 4%, 1894. 
LisBon.—Travaux Geologiques du Portugal— 
Description des Echinodermes Tertiaires du Portugal. Par P. 
de Loriol. 4°, 1896. 
Fauna Silurica de Portugal. Novas Observacdes Acerca de 
Lichas (Uralichas) Ribeiroi. Por J. F.N. Delgado. 4°, 1897. 
Liverroot.—Geological Society.—Proceedings. Vol. VII, part 4. 8°, 1896. 
3 Literary and Philosophical Society.—Proceedings. Vol. L and 
LI. 8°, 1896-97. 
Lonvow.—British Association for the advancement of Science.—Report of the 
66th Meeting held at Liverpool in 1896. 8°, 1896. 
a British Museum (Nat. Hist.)—Dept. of Geology and Palzontology— 
A guide to the Fossil Invertebrates and Plants. 8°, 1897. 
ES "A Mammals and Birds. 8°, 1896. 
3 ss Reptiles and Fishes. 8°, 1896. 
An introduction to the study of meteorites. By L. Fletcher. 8°, 
1896. 
Catalogue of Fossil Cephalopoda. Part 3. 8°, 1897. 
* of Tertiary Mollusca, Part I. The Australian Ter- 
tiary Mollusca. By G. F. Harris. 8°, 1897. 


ss Chemical Society —Journal. Vol. LXIX, No. 409 to LXXIV, 
No. 423. 8°, 1896-98. 
” Geological Society— 


Geological literature, added to the Geological Society’s Library 
during the year ended 31st December 1896. 8°, 1897. 

Lists of Fellows for 1896 and 1897. 8°, 1896-97. 

Quarterly Journal. Vol. LIII, parts 1—4, and LXIV, part 1; 
and General Index to the first 50 Volumes. Parts 1—2. 8°, 
1897-98. 

9 Geclogical Survey of Great Britain and the Museum of Practical 
Geology— 

British Organic Remains. Decade X. 8°, 1861. 

Jurassic Rocks of Britain. Vol. I—V. 8°, 1892-95. 

List of Memoirs, Maps, etc. 8°, 1897. 

Memoirs. Vol. III. 2nd edition. 8°, 1881. 

Memoirs, Monograph ill. 8°, 1897. 

Monographs. Nos. III—IV. 4°, 1877 -78. 

Report on the Geology of Trinidad, or Part I of the West 
Indian Survey. By G.P. Walland J. G.Sawkins. 8°, 1860, 

Reports on the Physical, Descriptive and Economic Geology of 
British Guiana by C. B. Brown and J. G. Sawkins. 8°, 1875. 
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Loypon.—Iron and Steel Institute— 
Journal. Vol. L, No. 2 (1896), and LI, No. 1 (1897). 8°, 1897. 
Rules and List of Members. 8°, 1897. 
» Linnean Society— 
Journal. Botany, Vol. XXXI, No. 218 to XXXIII, No. 228; 
and Zoology, Vol. XXV, No. 163 to XXVI, No. 167. 8°, 
1896-97. 
List of Fellows, 1896-97. 8°, 1897. 
Proceedings. November 1895 to June 1896. 8°. 1897. 
Transactions. Botany, Vol. V, pts. 5—6, and Zoology, Vol. VI, 
pts. 6—8, and VII, pts. 1—3. 4°; 1896-97. 
s Palzontographical Society.—Vol. L. 4°, 1896. 
fl Ray Society—The Larvz of British butterflies and moths. By W. 
Buckley, edited by G. T. Porritt. Vol. VII. 8°, 1897. 
nA Royal Geographical Society 
Geographical Journal. Vol. IX, Nos. 1—6, X, Nos. 1—6, and 
XI, Nos. 1—3. 8°, 1897-98. 
Year-book and Record for 1898. 8°, 1898. 
o Royal Institution of Great Britain——Proceedings. Vol. XV, part I, 
No. 90. 8°, 1897. 
vi Royal Society— 
Philosophical Transactions. Vol. 186 A and B to 188A. 4°, 
1895-99. 
Proceedings. Vol. LX, No. 360 to Vol. LXII, No. 382. 8°, 
1896-098. 
” Society of Arts.—Journal. Vol. XLV, No. 2300 to XLVI, No. 2364. 
8°, 189608. 
AA Zoological Society— 
List of Fellows, corrected to May 31st, 1897. 8°, 1897. 
Proceedings. Parts2—4. 8°, 1897-98. 
Records. Vol. XXXII and XXXIII. 8°, 1897. 
Transactions. Vol. XIV, parts 3—5. 4°, 1897. 
Maprip.—Sociedad Geografica.—Boletin. Tomo XXXVIII, Nos. 7—12, ana 
XXXIX, Nos. 1—g. 8°, 1896-97. 
a Real Academia de Ciencias Exactas Fisicas y Naturales— 


Discursos del Sr. D. ae epee Bars Sapaate 
Cipriano Segundo Montesino, 


Memoria. Tome, XVII. 4°, 1897. 
Maine£,—Portland Society of Natural History.—Proceedings. Vol. II, parts 1—2 
and 4. 8°, 1882, 1892 and 1897. 
M aANCHESTER.— Manchester Literary and Philosophical Society Memoirs and 
Proceedings. Vol. XLI, parts 2—4,and XLII, part 1. 8°, 
1897-98. 
Pa Geological Society.x—Transactions. Vcl. XXV, parts 1—14. 8°, 
1897°98. 
MarsEILLES.—Faculte des Sciences.—Annales, Tome IV, fasc. 4; V, fasc. 2—43 
VI, fasc. r—3; and VII. 4°, 1894-96. 
M «LBourne.—Australasian Institute of Mining Engineers— 
Transactions. Vol. lV. 8°, 1897. 


8°, 1897. 
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MeLBOURNE.— Dept. of Mines and Water-supply— 

Annual Report of the Secretary for 1896, 
Special Reports, 1896-97. : pFlsc., 18907 

Royal Society of Victoria.—Proceedings. New series, Vol. VIII 
to X, part 1. 8°, 1896-97. 

Mexico.— Instituto Geologico.—Boletin. Nos. 4—9. Flsc., 1897. 

Miran.—Soc. Italiana di Scienzi Naturali— 

Atti. Vol. XXXVI, Nos, 3—4, and XXXVII, No. 1. 8°, 1897. 
Memorie. Tome VI, fasc. 1. 4°, 1897. 
MINNEAPOLIS.— Minnesota Academy of Natural Sciences.—-Bulletin. Vol. IV, 
No. I, part 1. 8°, 1806. 
MopENA.—Societa Seismologica Italiana.—Bolletino. Vol. I, Nos. 1—12; II, 
Nos. 1—10, and III, Nos. 1—7. 8°, 1895-98. 
Moscow.—Societe Imperiale des Naturalistes.—Bulletin. Anneé, 1896, Nos. 3—4, 
and 1897, Nos. 1—2. 8°, 1897. 

Municu.—Math. —Phys. Classe der K. B. Akad. der Wissenschaften.—-Sitzungs- 
berichte. Heft 3 (1896), and heft 1—4 (1897). 8°, 1897. 
NaeLes.—Accademia delle Scienze Fisichee Matematiche.—Rendiconto. Serie 
III, Vol. Il, fasc. 11—12, III, fasc. 1—12, and IV, fasc. 1—2. 8°, 

1895-97. 

NEWCASTLE-UPON*T YNE.—Federated Institution of Mining Engineers.—Trans- 
actions. Vol. XII, parts 1—3, XIII, parts 1—4, and 
XIV, parts 1—2. 8°, 1897. 

North of England Institute of Mining and Mecha- 
nica Engineers— 

' Annual Reports for 1895-g6 and 1896-97. 8°, 
1896-97. 
Transactions . Vol. XLV, parts 4—5, and XLVI, 
parts 1—5. 8°, 1896-97. 
New York.—Academy of Sciences— 
Annals, Vol. 1X, Nos.4—12. 8°, 1897. 
Transactions. Vol. XV. 8°, 1897. 

Ortawa.—Geological Survey of Canada— 

Annual Report. New series, Vol. VIII, with maps. 8°, 1897. 
Palzeozoic Fossils. Vol. III, part 3. 8°, 1897. 

Royal Society of Canada.—Proceedings and Transactions. 2nd series, 
Vol. Land II. 8°, 1895—97. 

OxrorD.—University Museum.—Catalogue of Books added to the Radcliffe 

Library during 1896-97. 4°, 1897. 

Paris.—Department of Mines.—Annales. Tome X, livr. g—12, XI, livr. 1—5, 
and XII, livr. 8. 8°, 1896-97. 

Ministere des Travaux Publics.—Bulletin des services de la carte Geolo- 
gique de la France et des Topographies Souterraines. Tome VIII, 
No. 53 to X, No. 60. 8°, 189697. 

Museum d’ Histoire Naturelle.—Bulletin. Nos. 2—8 (1896), and Nos. 
I—5 (1897). 8°, 1896-98. 

Societe de Geographie— 

Bulletin. Tome XVII, No. 3, and XVIII, Nos. 1—3. 8°, 1896-97. 
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Paris.—Society de Geographie—contd. 
Comptes Rendus des Seances. Nos. 1—20. 8°, 1897. 
»» Societe Frangaise de Mineralogie.—Bulletin. Tome XIX, Nos. 7—8, 
and XX, Nos.1~7. 8°, 1896-97. 
> Societe Geologique de France— 
Bulletin. 3"° Serie, Tome XXIII, Nos. g—10, XXIV, Nos. 7—11, 
and XXV, Nos. 1—4 and 6. 8°, 1895-97. 
Paléontologie. Tome VI, fasc. 4, and VII, fasc.1—4. 4°, 1897, 
PENZANCE.~-Royal Geological Society of Cornwall.—Transactions. Vol. XII, 
part 2. 8°, 1897. 
PERTH.~—Department of Mines, Western Australia.—Gold Mining Statistics for 
1896. Oblong, 1897. 
Pisa.—Societa Toscana di Scienze Naturali— 
Memorie. Vol. XV. 4°, 1897. 
Processi Verbali. Vol. X, pp.-121—292, and XI, pp. 1—10. 
8°, 1896-97. 
PHILADELPHIA,—Academy of Natural Sciences— 
Journal. 2ndseries, Vol. X, part 4, and XI, part 1. 4°, 
1896297. 
Proceedings, Parts 2—3 (1896), and 1—2 (1897). 8°, 1896- 


3 American Philosophical Society— 
Proceedings. Vol. XXXV, No. 151 to XXXVI, Now 155. 
8°, 1896-97. 
Transactions. Vol. XIX, part I. 4°, 1896. 
oe Franklin Institute——Journal. Vol. CXLII, No. 852 to CXLIV, 
No. 864, and CXLV, Nos. 1—2. 8°, 1896-98. 
R10-DE-JANEIRO.—Observatorio.—Annuario, No. XIII. 8°, 1896. 
RocHESTER.— Geological Society of America.—Bulletin. Vol. VIII. 8°, 1897, 
Rome.—Reale Accademia dei Lincei— 
Rendiconti, Serie V, Sems. II, Vol. V, .fasc. 11:—12. 
99 9 9 iF 2? VI, ” I—I2. 
Pry) ” Ts gM ais aA 
99099 | Perron 6) eee As 
8°, 1897-98. 
Rendiconto. Anno CCXCIV. 4°, 1897. 
is R. Comitato Geologico d’ Italia— 
Bolletino. Vol. XV, No.3; XVI, No.1; XXVII, Nos. I—43 
and XXVIII, Nos. 1—3. 8°, 1896-97. 
Satem.—American Association for the Advancement of Science,—Proceedings. 
Vol. XLV. 8°,"1897. 
a Essex Institute.—Bulletin. Vol. XXVII, Nos. 7—12; XXVIII, Nos. 
1—6; and XXIX, Nos, 1—6. 8°, 1897. 
San Francisco —California Acad. of Sciences— 
Proceedings. 2nd series, Vol. VI, and 3rd series, Vol, I 
Nos. 1— 2. 8°, 1896-97. 
Occasional Papers, No.5. 8°, 1897. 
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SinGaPore.—Straits Branch of the Royal Asiatic Rees —Journal. Nos. 29— 
30. 8°, 1896-97. 
SPRINGFIELD.—Illinois State. Museum of Natural History.—Bulletin. No. 12. 
4°, 1897. 
STocKHoLM.—Kéing. Svenska Vetenskaps-Akademiens— 
Bihang. Band XXII, Nos. 1-4. 8°, 1897. 
Handlingar. Vol. XXVIII. 4°, 1897. 
Meteorologiska lakttagelser I Sverige. 2 A. Ser., Band XX. 
4°, 1892. 
Ofversigt. Vol. LIII. 8°, 1897. 
Sr. Pererspurc.—Accadémie Imperiale des Sciencies— 


Bulletin. Série V, Tome III, Nos.2—3, IV, 
Nos. 1—5, V, Nos. 1—2, and’ VI, Nos. 


Menicrs. Série VII, Tome XLII, No. 13; (4 * 1895-97: 
and Série VIII, Tome II, No. 3, and 
Tome IV, No. 2 
Pi Comite Geologique— 
Bulletin. Tome XV, Nos. 5—9; Supplement to Tome 
XV : and XVI, Nos. i—2. 8°, 1896-97. 
Memoires, Vol. XIV, Nos. 2and 4—5. 4°, 1895 96. 
Konig. Russ. Min. Gesellschaft.— 
Materialen zur Geol. Russlands. Band XVIII. 8°, 1897. 
Verhandlungen. Vol. XXXII, XXXIII, lief. 2, and 
XXXIV, lief. t—2. 8°, 1896-97. 
Musée Geol. de luniv. Imperiale.-Travaux de la Section 
Geol. du Cabinet de sa Majeste. Tome II, liv. 2. 8°, 1897. 
STuTTGART.—Vereins fir Vaterlandische Naturkunde in Wurttemberg.—Jahres- 
hefte. Jahr. 53. 8°, 1897. 
SypDNEY.—Australian Museum — 
History and description of the skeleton of a new Sperm Whale 
lately set up in the Australian Museum. 8°, 18go. 
Memoirs. Vol. II, and III, parts 1—3 and 5—6. 8°, 1889-97. 
Records, Vol. III, Nos. 1—3. 8°, 1897. 
Report of the Trustees for 1896. - Flsc., 1897. 
Department of Mines and Agriculture, New South Wales.—Annual 
Report, 1896. Flsc., 1897. 
Geological Survey of New South Wales.—Records. Vol. V, parts 2—3. 
8°, 1897. 
Linnean Society of New South Wales.—Proceedings. Vol. XXI, part 
3, and XXII, pts. 1~3. 8°, 1896-97. 
Royal Society, New South Wales.—Journal and Proceedings. Vol. 
XXX. 8°, 1897. 
Tok1o.—College of Science, Imperial University.—Journal. Vol. 1; II, part 2; 
IV, pt. 2; 1X, pt. 2; and X, part 2. 8°, 1897. 
Deutschen Gesellschaft fir Natur und Vélkerkunde Ostasiens in Tokio.— 
Mittheilungen. Heft 58-60, and Supplement heft zu Band VI, Theil 
111, buch 30. 4°, 1897. 
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Toronto.—Canadian Institute — 
Proceedings. 2nd new series, Vol. I, part I, No. 1. 8°, 1897. 
Transactions. Vol. V, part I, No. 9. 8°, 1897. 
Turin.—Osservatorio della R. Universita di Torino.—Osservazioni Meteorologiche 
fatte nell’ anno 1896. 8°, 1897. 
2 Reale Accademia della Scienze— 
Atti. Vol. XXXII, disp. 1—15. 8°, 1896-97. 
Memorie. 2nd series, Tome XLVI. 4°, 1896. 
UrsaLa.—Geological Institution, University of Upsala,—Bulletin. Vol. III, pt. 1- 
8°, 1897. 
VeNicge.—R. Istituto Veneto di Scienze, Lettre ed Arti— 
Atti. Serie VII, Tomo LV, disp. t—9, and LVI, disp. 2—3. 8, 
1896-098. 
Memorie. Vol. XXV, Nos. 4-7. 8°, 1895—1896. 
Vienna.—K. Akad. der Wissenchaften— 
Denkschriften. Band LXII. 4°, 1895. 


Abath. I, heft 1-10. 


: na lay eeaee f-10: 
Sitzungsberichte. Band CIV, | BTR Ss 8°, 1895. 


wee Lb t-To. 
r K. K. Geographische Gesellschaft. Mittheilungen. Vol. XXXIX. 
8°, 1806. 
5 K. K. Geol. Reichsanstalt— 
Jahrbuch. Band XLV, heft 4, XLVI, heft 1-4, and XLVII, 
heft 1—2. &°, 1896-97. 
Verhandlungen. Nos. 13—18 (1896), and Nos. 1—18 (1897). 8°, 
1897. 
K. K, Nat. Hist. Hofmuseums.—Annalen. Band X, Nos. 3—4, and XI, 
Nos. 2—-4. 8°, 1895-97. 
Warsaw.—Institut Agronomique et Forestier.— Annuaire Geol. et Mineralogique 
de la Russie. Vol. II, liv. r—2. 8°, 1897. 
WasuHincton.—Philosophical Society.—Bulletin. Vol. XII, 1892-94. 8°, 1895. 
ry! Smithsonian Institution— 
Annual Report of the Board of Regents, 1894 and 1895. 
8°, 1896. 
Reports on the Geology of Northern California and Oregon 
made to the War Department by J.S. Newberry, 4°, 
18576 
Smithsonian contributions to knowledge. Nos. 1033 and 
1034, and Vol. XXX—-XXXII. 4°, 1895-96. 
Smithsonian Miscellaneous Collections. Nos. 1031, 1035, 
1037—1039, 1071-1073, 1076 and 1077. 4°, 1896. 


Ps U.S. Department of Agriculture— 
North American Fauna, No. 13. 8°, 1897. 
5 United States Geological Survey.—Annual Reports, Vol. XVI, 
part 1, and XVII, parts 1—3. 4°, 18096. 
* U.S. National Museum— 


Report, 1894. 8°, 1895. 
Bulletin. No. 47, part 1. 8°, 1897. 
Wetuincton.— Geological Survey of New Zealand.—Abstract Progress Reports, 
1867-68 to 1868-69. 8°, 1868-69. 
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WELLINGTON.—Mines Department, New Zealand.—Annual Report of the 
Colonial Laboratory, No. 30.. 8°, 1897. 
. New Zealand: Institute—Transactions and Proceedings. Vol. 
XXIX. 8°, 1897. 
York.—Yorkshire Philosophical Society.—Annual Report for 1897. 8°, 1808. 
ZUr1cH.—Naturfors. Gesellschaft.—Vierteljahrsschrift. Jahrgang XLI (Supple- 
ment); and XLII, heft t. 8°, 1896-97. 


MAPS. 


BERLIN.—Royat Society, Lonpon.—Carte Geologique International de V 
Europe. Livr. {1, containing sheets As5, A6, Bs, BO, and C6. 
Folio, 1896. : 

K.P. Geol. Landesanstalt und Bergakademie.—Geognostische Ueber 
sichtskarte des Thiringer Waldes, von F, Beyschlag. Map, 1897. 

BucHAREST.—Geological Bureau.—Harta Geologica Generala A Roumanie, 

sheets 36and 43. Folio— 

CatcuTta.—Bartholomew, 7. G.—Thacker’s Reduced Survey Map of India. 

Oblong, 1897. 

Lonpon.—Geological Map. of the Southern Transvaal. By F. H. Hatch. 

Map ofthe Transvaal showing the Physical Features and Political 
Divisions. By F. H. Hatch. 

Geological Survey of England and Wales.—Index Map sheets 1—15. 
Folio, 1897. 

New York.—Geological Survey.—Preliminary Geological Map of New York pre= 

pared, under the directionof James Hall, State Geologist, by 
W. D. McGee. Folio, 1894. 
Paris.—Ministere des Travaux Publics —Carte Geologique detailee de la France 
des Feuilles de Lille, Cholet, St. Brieuc, Le Buis, Rouen, Tulle, Corse. 
Mezieres, St. Nazaire.(104), et Castres (231). Folio, 1896-97. 
Rome.—Carta Geol. d’Italia.—Fo. 245—247, 255, and 263—264, and Relativa 
ai fogli 245—247, 255 e 263. Maps, 1888-90, 
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Appendix I1. 


Tue Inspector or Mines In INDIA. 


This officer being under my administrative control, I have to report that 
during the period from the 1st January 1807 to the 21s 
Rte James: Gru y: eae fiot his duties vont of ee ie fe + 
inspections of coal and mica mines, which entailed a considerable amount of office 
work as is shown inthe Annual Report of the Inspector of Mines for 1896 which was 
printed during the autumn of 1897. I returned too late from furlough to enable. 
me to make such alterations in this publication as appeared to me desirable. 


Mr. Grundy was absent on privilege leave from the 12th October 1897 to the 
13th January 1808. 


CaLcurmTta ; Cc. L. GRIESBAGH, 


The 1st April 1898. Director, Geological Survey of India, 
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